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FRONTIERS OF SCIENCE AND TECHNOLOGY : THE INDIAN 

CONTEXT* 

C. N. R. RAO** 


'^|■’HE topic is obviously important since we in 

India have decided to take the path of sci¬ 
ence and technology to ensure development 
of our society. We have no choice other than 
to be abreast with the most up-to-date develop¬ 
ments in science and technology. We would 
have to compete at least in some of the areas 
with the rest of the world, and at the same time 
identify those areas of special concern to us 
where, through the application of science and 
technology, we can make a signal contribution 
in solving the pressing problems, related to the 
needs of the common luan There is a third 
aspect of science and technology, where by 
virtue of certain geographical and other natural 
advantages, we would have to be world leaders ; 
beneficiation of solar energy may represent one 
such area. 

Some may feel that it is not necessary to 
worry about the frontiers of science and tech¬ 
nology. if our main concern is to alleviate 
proverty and human suffering. But wc should 
not forget that to take care of the health of the 
poorest amongst us, we require science and 
technology ; to grow the food we require, we 


have to apply advanced science and technology. 
In order to find substitutes to our depleting 
natural resources and also to discover newer 
types of materials required for construction, 
electronics and for alternate sources of energy, 
we require advanced science and technology. 
It is for this reason that I believe that the fron¬ 
tiers of science and technology arc of direct 
relevance to even the poorest country in the 
world. Particularly in a large country such as 
ours with a large population, we cannot possi¬ 
bly afford to depend on advances in science 
and technology obtained elsewhere and depend 
on other countries to provide (he help wc 
need. 

Smaller countries would have small require¬ 
ments ; they would need small quantities of 
food, fertilizers, medicines and most materials. 
We, on the other hand, require large quantities 
of anything that we can think of. We can only 
compare ourselves to the larger countries of 
the world in terms of our needs. This places 

♦Excerpts of Addresi. given by Prof. C. N. R. Rao as 
General President of 7Sth Indian Science Congress 1988. 
♦♦Indian Institule of Science, Bangalore, 



on us a special responsibility not only to our 
society but to science and technology itself. 
We have to be leaders in science and technology 
to show that even poor countries of the world 
have much to contribute to society in the mod¬ 
ern world and that science is not the preroga¬ 
tive of only the advanced and rich nations. 

Applied Versus Basic Research 

It would be appropriate here to comment 
on the unnecessary dichotomy between applied 
and basic research that seems to plague our 
scientific efforts. Many people have felt that 
we need to do mainly or only applied research 
in a developing country such as ours I feel 
that this would be a poor way of doing science. 

1 suggest that for the sake of science and tech¬ 
nology in the country, we stop using the terms 
“applied” and “basic” research from now on. 
Basic research is driven mainly by the aspira¬ 
tions of scientists who make discoveries ; we 
could classify such research as discovery-driven 
research. There is the other kind of research, 
which may call society-driven (or market-driven) 
research. Scientific breakthroughs come rarely 
in discovery-driven research, but once made, 
they lead to major innovations and quantum 
leaps in science and technology. Such research 
requires time, patience, perseverance and dedi¬ 
cation, and results cannot always be predicted. 
The discovery of the electron is an old example 
of discovery-driven research. Lasers constitute 
a modern example of discovery-driven research. 
When the laser was first discovered, it was not 
expected to have great applications. Today, 
lasers are required in engineering, medicine and 
many other spheres. 

Whether a country is rich or poor, lasers 
will be used in some way or the other. Once 
a major discovery is made, a considerable 
amount of applied research will have to be 
carried out to sec that the result of the disco¬ 
very becomes useful or leads to innovation. 

Let us look at what I called market-driven 


or society-driven research. Here, the research 
is motivated by societal forces demanding 
certain products or innovations. For example, 
there may be a need for a specific type of high 
strength polymer or a special variety of hard 
material. Although the objectives are 
clearly spelled out, in order to make such a 
material one may have to carry out considerable 
fundamental research. Immaterial of whether 
research is discovery-driven br society-driven, 
it may require fundamental as well as applied 
work in order to give rise to innovations. It 
is only in limited instances that ready solutions 
to short-range problems are found by simply 
applying known principles or techniques. 
Applied and basic research are equally impor¬ 
tant components, and both required a high 
quality of mind. We cannot possibly have 
second-rate scientists for developmental work 
and first-rate scientists for fundamental work. 

The Global Scenario 

Today, science and technology are advan¬ 
cing at an extremely rapid pace. The pace 
is so fast indeed that we have to keep galloping 
just to remain stationary. The explosion of 
.scientific knowledge is superexponential and 
to fully keep up with the literature is almost 
impossible. Under the.se conditions, can we 
compete meaningfully in the frontiers of 
science and technology from India ? Of 
course, there are many impediments due to 
the poor infrastructure, shortage of talented 
workers, oppressive bureaucratic practices 
and inadequate information systems. In spile 
of such limitations, wc still have a chance, 
if we become more optimistic and approach 
problems with dedication. This does not 
mean that it is not going to be difficult to 
beat the pressures to buy foreign technology 
indiscriminately or to get world recognition 
in basic science. Even if one produces labo¬ 
ratory results of a quality comparable to the 
best, the world may not rightaway give the 
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due recognition. The main point is that we 
just cannot afford to give up. 

The view of India in the world has changed 
in the last few years. Most countries in the 
world (including the advanced ones) consider 
India to be a fairly advanced country in 
science and technology. This is not altogether 
a happy situation. This means that we can 
no longer behave like a “poor’’ country in 
science and technology. We have to really 
become good and competitive, at least to 
live up to this reputation. Otherwise, I am 
afraid that the reputation may not turn out 
to be a blessing and instead may become a 
burden. 

Frontiers of Relevance 

In addition to the obvious areas of Science 
and Technology, related to the pressing pro¬ 
blems faced by the country in food, health 
and housing, the three areas of greatest 
importance for development are energy, trans¬ 
portation and communication. In these areas, 
we will have to do proper planning for the 
next decade or two and carry out all those 
aspects of research and development that are 
crucial to make progress. We are facing an 
energy crisis which is likely to continue for 
some years. Without proper communication 
and transportation, there will be no social 
integration in the country, which is essential 
for progress. 

Frontiers of Chemical Science : A Case Study 

Chemistry, being a central science, pro¬ 
vides the basic understanding that is required 
to deal with a large variety of needs of our 
society. Whether it is feeding and clothing 
our population, tapping new energy sources, 
improving health and fighting disease or finding 
new substitutes for the dwindling natural 
resources, chemistry plays a crucial role. 
Fundamental research in chemistry will be of 


great help to the future generations in coping 
with new and unexpected problems and in 
answering their needs. Chemistry has been 
developing interfaces with other science such 
as physics and biology at such a phenomenal 
pace that the scope and structure of the 
subject keep changing continually. It is 
important to be on constant vigil not to miss 
opportunities to contribute to new directions 
and to apply chemical knowledge to answer 
newer challenges or obtain better solutions 
to problems. 

The subject has grown explosively in the last 
few years. Chemists have synthesised over 
8 million compounds. The doubling time in 
discovering new chemical compounds is now 
hardly 10 years, compared to 40 years in the 
1940’s thanks to new diagnostic tools as well 
as better unifying theoretical models. 

Some of the most important frontiers of 
chemistry today are : 

Synthesis, chemical dynamics, catalysis, 
theory and computer simulation, chemistry 
of life processes and new materials. 

Let me briefly touch on some important 
aspects of each of these frontier aspects. 

The ability of chemists to design and invent 
new families of organic and inorganic com¬ 
pounds has surpassed all expectations and the 
gap separating organic and inorganic 
chemistry is decreasing. Metallo-organic 
compounds of controlled reactivity, molecules 
with clusters of metal atoms, molecules mimic¬ 
king biological systems are typical of interes¬ 
ting synthetic aspects today. Novel kinds of 
agricultural chemicals (including scx-attractants 
and insecticides) and those required for the 
health of animals (including humans) continue 
to be of great relevance. 

Our understanding of chemical dynamics 
has increased in the last few years and is 
beginning to uncover the intricate mechanisms 
of complex reactions. There is considerable 
scope to investigate the chemistry of the 
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atmosphere, photochemical transformations, 
and the chemistry of propellants. Today we are 
able to examine very fast reactions occurring 
even in picoseconds. Laser chemistry and plasma 
chemistry and chemistry of materials under 
extreme conditions provide real challenges. 

Catalysis has emerged to become much 
more important today because of our ability 
to design catalysts better and to “see” surface 
reactions directly by employing powerful 
instruments. This area includes not only 
heterogeneous and homogeneous catalysis, 
but also electrocatalysis, en/yme catalysis and 
photocatalysis. The study of surface and 
interfaces is now an important and integral 
part of chemistry. 

Chemical theory has come of age and is 
able to predict the structure and behaviour 
of molecules as well as of large systems. 
Computer simulation and statistical mechanics 
are indeed areas of great promise. Computers 
will play an unprecedented role not only in 
carrying out marathon calculations on struc¬ 
ture and reactivity, but also as storehouses 
of information which will minimize or elimi¬ 
nate much of routine measurements. 

It is only in the last few years that 
chemistry is being recognised as an essential 
part of modern materials science. Whether 
they are materials related to new energy 
sources or polymers for use as structural 
materials, chemistry plays a key role. Let us 
not forget that chemistry is itself a materials 
science. The new high-temperature oxide 
superconductors are highly complex chemical 
systems ; even making and processing the well- 
known “silicon chip” involves numerous 
chemical operations. 

The relation between chemistry and bio¬ 
logy need not be emphasised. Chemistry gave 
birth to many new areas of biology, including 
molecular biology. Much of the efforts in 
biology and bio-technology have major chemi¬ 
cal components. 


We need to give priority to work in the 
different research frontiers of chemistry men¬ 
tioned earlier. There should be greater support 
to chemistry from industry. Let us not forget 
that most of modern industry has a strong 
chemical base and the progress of advanced 
countries has been mainly through their 
chemical industry. 

Inve.stment of government in chemistry and 
chemistry-based R & D as well as industry (in¬ 
cluding materials) should be increased comm¬ 
ensurate with their importance. Indian chemi¬ 
cal industry is hardly 30 years old and is now 
poised for major growth and it is estimated 
that inve.stment in this industry during the 
next 15 years may reach Rs. 70,000 crores or 
more (excluding downstream processing indus¬ 
tries for elastomers, fibres, plastics etc.). It 
is crucial that we examine our priorities in 
areas such as fertilizers, petrochemicals, agro¬ 
chemicals, bulk drugs, polymers, speciality 
chemicals and biotechnology, taking into 
account our renewable and non-renewable 
resource pattern. We have to train better 
chemists to take up challenging tasks in R & D 
as well as in education ; we are short of 
talented chemists. 

Advanced Technology Materials : A Crucial 
Area for Progress 

Advanced technology materials have made a 
tremendous impact on the quality of life of man. 
The prosperity of a country is almost directly 
related to the magnitude of use of these 
materials. In fact, we can employ the usage 
of advanced technology materials as an indexof 
development; clearly, this index distinguishes 
the developed from the developing countries. 
The investment on materials industries in 
advanced countries in the last few years has 
been stupendous, the turnover of certain 
materials reaching astronomical propdrtionS, 
The fastest growing industry today—and 
probably the most demanding one as well—is 
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that related to materials. Unfortunately, 
advanced materials have not entered the 
markets of India and other developing coun¬ 
tries. There is also little or no industrial 
effort in this direction. Yet, the same materials 
that have been responsible for the progress 
made in advanced countries are required to 
improve the quality of life in our country. 
After all, better transportation, communication 
and energy alternatives are the crying needs 
in India and in almost all the developing 
countries. Let us briefly review some of the 
important classes of advanced materials. 

Polymers have undoubtedly revolutionized 
our life style. In the world today, the average 
per capita consumption is 11 kg (compared to 
a developing country like India where it is 
less than one kg). Composites made of 
plastics or reinforced plastics (FRP) are used 
widely. In the US, composites are used in 
transport and aerospace applications to the 
tune of 26% (compared to 5% in India). FRP 
is used to the tune of 850,000 tons per year 
in the US and 300.000 tons in Japan (com¬ 
pared to 6,000 in India). The use of FRP in 
automobiles and other modes of transporta¬ 
tion is well known. High performance compo¬ 
sites made by using strong fibres (C, B or 
aramid) are important new structural materials 
for aircraft and space industry. It is possible 
that future aircraft will use more than 50% 
of these composites. Automobiles are likely 
to use these materials in the future. The 
paramid (Kevlar) fibres (40% lower in density 
than fibre-glass) have already made a great 
impact on the aircraft industry. Carbon- 
carbon composites have also shown good 
results and increased potentialities. 

Our main energy sources have been hydro¬ 
electric, thermal and atomic. In countries 
like India, solar energy is available in plenty 
and throughout the year. The importance of 
making of materials for solar energy conver¬ 
sion is therefore obvious. Two means of 


beneficiating solar energy are photovoltaic or 
photoelectrochemical. For photovoltaic appli¬ 
cations, silicon still remains the most viable 
material. GaAs and CdS are solar celt 
materials with special applications. For 
photoelectro-chemical cells, several oxide and 
chalcogenide semiconductors have been studied. 
An economical means of producing H„ by 
this route is still not available. Electrochemi¬ 
cal photovoltaic cells hold some promise. 

Fuel cells (Hg or CHgOH) continue to 
be attractive as energy packages. Stabilized 
zirconia is a good oxygen solid electrolyte. 
We are yet to find a good proton conductor 
for CHgOH fuel cells. 

Hydrogen storage materials have been studied 
extensively. FeTi and LaNi are two of the 
candidates for this purpose. Batteries (or 
electrochemical cells) of various kinds have 
been produced or are being investigated. The 
most viable ones are still the lead-acid and 
NiCd batteries. For electric vehicles, the vari¬ 
ous possibilities are, PbOj/Pb, Og/Zn, 
NiOOH/Fe and NiOOH/Zn. Miniaturized 
batteries (Ag - button or lithium for example) 
arc being made; lithium intercalation in 
layered materials {V„Oj 3 or TiS.J has proved 
to be effective for making Li batteries. Inter¬ 
calation chemistry has indeed bcci me a major 
area of study in solid state chemistry. Rever¬ 
sible electro-chemical doping of polyacctyicnc 
enables fabrication of a rechargeable battery. 

Crystalline silicon has formed the back¬ 
bone of much of semiconductor electronics. 
Its applications in computers and various 
devices are well known. As mentioned earlier, 
silicon is the only viable material to-date for 
photovoltaic energy conversion. Amorphous 
silicon, specially that doped with group III or 
V elements, seems to be on the threshold of 
becoming a good alternative in photovoltaic 
and other applications. By employing hetero- 
junction structures with la)'crs of amorphous 
Sic, over 10% efficiency has been achieved in 
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large area structures A number of II-VI 
and III-V semiconductors are used in electro¬ 
nic industry. Special mention must be made 
of GaAs and Al-doped GaAs which give high 
photovoltaic efficiencies (>20%). GaAs 
doped with III and V group elements are good 
light emitting diodes for optical communication 
(e.g. GaAs,_j,Pj,). GaS itself can be made 
by eVD (AsCIj + Ga) or by the reaction of 
AsH with Ga and HCl. Hydrides of group V 
elements reacting with an organomctallic such 
as GaCCHj), is another method. 

High-temperature superconductivity has 
been a dream of all scientists This area has 
suddenly become promising because of the 
recent discovery of certain oxides of copper 
which show superconductivity above liquid 
N.J temperature. 

This is probably the biggest sensation since 
the discovery of the transistor. It was first 
found early in 1987 that oxides of the type 
La„_,Sr,(Ba,)Cu 04 possessing the KoNiFj 
Structure show superconductivity in the region 
20-40 K. However, the Y-Ba-Cu oxides 
exhibit superconductivity above liquid nitrogen 
temperature ; these oxides are all related to the 
perovskite structure. There is no doubt that 
strategies will be developed to produce novel 
oxides and other materials exhibiting super¬ 
conductivity at still higher temperatures (possi¬ 
bly at room temperatures). Undoubtedly, 
solid state chemists will have much to contri¬ 
bute to engineer such materials. Once super¬ 
conductivity is found to occur at reasonable 
temperatures, levitation transportation would 
become practical. Power transmission and 
development of magnets (for MHD genera¬ 
tion) would then be greatly revolutionised. 
Superconductors will be used widely in electro¬ 
nics (especially in computers). 

There is a class of materials called the 
ferroics possessing two or more orientation 
states or domains which can be switched from 
one to the other through the application of 


one or more appropriate forces. These mate¬ 
rials include ferroelectric and ferroelastic 
substances as well. Some of these (e.g., 
LiNb 04 ) are important optoelectronic mate¬ 
rials. Colour modulation and optical swit¬ 
ching are facilitated by ferroelastic materials 
(e g., GMo). 

There is quite a likelihood that electronics 
will be replaced, at least partly, by photonics 
in the not too distant futupe. Replacement 
of the electron by the photon has tremendous 
consequences. Materials development for 
photonics is an area of great importance. It 
is noteworthy that methods of synthesis of 
some of these materials are crucial. Use of 
organic derivatives as precursors (e.g. oxalates, 
citrates etc. for the synthesis of PZT and PLZT 
or even BaTiOj) is an example. 

Photonics is likely to have a great impact on 
the future of computers, communications and 
laser technologies. 

Fibre communication has revolutionized 
modern communication practice. Generally, 
pure silica fibre is used for the purpose (140 
megabits per sec, over 30 km distance with¬ 
out use of repeaters). Fibres made of heavy 
metal fluorides are now attracting considerable 
attention. For preparing high purity silica, 
the sol-gel route is used with hydrolysable 
organic derivatives such as tetraethoxysilane. 
The light sources used in fibre communication 
are generally Ga-As type III-V semiconductors 
(e.g., Al,Ga,_.As, Ga^In,.,As^Pi; a 
variety of such laser materials are available for 
different types of applications. 

The development of samarium-cobalt and 
related alloys was a major landmark in magne¬ 
tic materials. Traditionally, ferrite materials 
have been widely employed in communication 
industry. In .Japan and US alone, bard and 
soft ferrites are used to the tune of $600 
million a year The newest of the magnetic 
materials are Fe-Ni-B based amorphous alloys 
with high permeability, low magnetostriction 
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and high mechanical hardness. The Fe-Nd-B 
system is the most powerful magnet known 
hitherto. These as well as the new super¬ 
conducting materials will undoubtedly usher 
in a new era in the world of magnetic 
materials. 

Other than the ferrites referred to earlier, 
a number of advanced ceramic materials are 
gaining increasing importance. Structural 
ceramics required for engine systems require 
high strength, low thermal conductivity, high 
thermal shock resistance, chemical inertness 
and other properties. Silicon nitride (SigN^) 
has turned out to be a good material for high 
temperature applications ; this can be made 
by many routes, including CVD and reaction 
bonding. 

Sialon obtained by ingenious chemical subs¬ 
titution of Si and N by AI and O respectively 
is another such material ; several modified 
sialons have also been studied. Toughened 
zirconia ceramics are used for thermal insu¬ 
lation in turbines c'.c., because of its low and 
constant thermal conductivity. Transformation 
toughened zirconia has also found useful 
applications. Some of the sensor materials 


(e.g., stabilizer zirconia is an oxygen sensor) 
also employ certain ceramic materials, mainly 
oxidic. 

We, in this country, will have to work 
out our requirements of the various advanced 
technology materials and keep a vigil on this 
fast-growing area. It may be advisable to 
have a national co-ordinating and monitoring 
body for R & D in materials. 

Other Frontier Areas 

With the advent of inexpensive and power¬ 
ful microprocessors, it has now become 
feasible to build a computer by interconnecting 
a large number of microprocessors. Such a 
computer, referred to as a parallel computer, 
can solve problems requiring intense computing. 
Parallel computers reaching supercomputer 
capability can be built at a modest cost. The 
speed of parallel computers can only be 
exploited if new algorithms tuned to the 
structure of these computers are developed. 
Research and development in this area is in 
its infancy all over the world and we have a 
good chance of becoming world leaders in 
software, with great export potential. □ 

{To be continued in next issue) 
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FODDER, FEED AND NUTRITION 

M. V. M. DESAI,* V. K. GUPTA** AND A. K. GANGULY*** 


jpOUNDATION of Indian economy and life 
has to rest on the four pillars of symbiotic 
activity of the people and their environs. The 
four pillars are agriculture, forestry, animal 
husbandry iucluding wild-life and water & soil 
conservation. If the plans are implemented to 
maintain and improve these four vital aspects, 
then only the progress in all other fields would 
be possible supplementing improvement in the 
life of the people. The well being of the environ¬ 
ment, economy and nutrition of the people of the 
country depend upon the health of the livestock 
population. The livestock, in general, is an 
important source of energy in the form of work 
force. More importantly, the milch animals 
like cows, buffaloes and goafs provide vital 
proteins as milk for the nutrition to the popu¬ 
lation of the country. It is also recognised 
that the primary source of meat and mutton 
for domestic consumption is goats and sheep. 
Therefore, it would be necessary to improve 
and maintain the livestock population of the 
country in good health so that the benefits 
accruing could be directly helpful in reducing 
the large-scale malnutrition of the people. An 
attempt has been made in this article to examine 
the availability of resources to produce 
adequate fodder and feed material for the 
bovine population of the country and also to 
suggest strategies to meet the nutritional require¬ 
ment of the people. In this exercise, the basic 
premise is that any drastic changes in the rural 
lifestyle in the country would be very difficult 
to bring about unless appropriate replacement 
technologies are made available and people are 
tuned to adopt them. 

♦Health Physics Division, 

Bhabha Atomic Research Centre, 

Trombay, Bombay-400 085. 


IJve-stock Population 

This section deals with the population, 
growth trends and projections accroding to the 
present growth trends of cattle, buffaloes, goat 
and sheep upto the year 2000 5\.D. Growth 
rate of cows & buffaloes appear to be highest 
in the decade 1951-61 (cf. Table 1) and there 
is a drastic reduction in subsequent years. The 
increase in buffaloes population taken alone 
indicated some consistency throughout the 
period upto 1973, but the fall in the growth 
rate of cow population was too drastic to be 
accounted for by slaughter for beef and leather 
production only. Perhaps the census figure of 
1951, the first ever taken in the country, was 
not that accurate nor the beef and leather 
production figures are reliable. Further, the 
overall drop in the growth of cow' population 
may also be attributed to the non-availability 
and/or improper distribution of fodder and 
feed material. The .sheep population has re¬ 
mained somewhat steady indicating that the 
live sheep removed by death or sacrifice are 
replaced by the new births^. The goat 
population, on the other hand, has shown a 
steady increase inspite of the fact that about 
36% of the live population are sacrificed every 
year, in addition to the natural mortality, 
under the prevailing conditions. The sustained 
growth rale may be attributed to the enhanced 
birth rate and multiple litters in a delivery. 

The technique of collecting census figures 
for livestock has improved considerably since 
1951. For computations beyond 1977, there¬ 
fore, following numbers are adopted from 


**DAE Safety Review Committee, ***“Harshanath”, 

Bhabha Atomic Research Centre, 1, Saras Baug, Sion-Trombay Road, 
Trombay, Bombay-400 085. Dconar, Bombay-400 088. 
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TABLE 1: Population projection of cattle, buffalo, goat and sheep 
(Nambers In parantheaee Indicate female animal population) 


Million heads 


Year 

Cattle 

Buffalo 

Goat 

Sheep 

1951 

155.24 

43.40 

47.0 

40 


(49.873) 

(21.85) 



1961 

175.56 

51.21 

60.8 

40 


(54.204) 

(25.023) 



1972 

178.87 

57.94 

67.52 

40 


(56.773) 

(29.553) 



1977 

180.0 

61.96 

75.62 

40 


(55.8) 

(30.98) 



1980 

180.68 

64.50 

80.93 

40 


(56.01) 

(32.25) 



1985 

181.82 

68.97 

90.63 

40 


(56.36) 

(34.485) 



1990 

182.97 

73.76 

101.49 

40 


(56.72) 

(36.88) 



1995 

184 13 

78.87 

113.66 

40 


(57.08) 

(39.435) 



2000 

185.29 

85.34 

127.28 

40 


(57.44) 

(42.67) 



Growth rate 
(% per year) 
from 1972-77 

0.126 

1.35 

2.29 

0.0 


1972-77 census as percent growth rate per 
annum of different livestock : 


Cows 

0.126% 

Buffalo 

1.35% 

Goat 

2.29% 

Sheep 

0.0% 


The projected livestock population in the 
categories arrived at by using the above growth 
rates for the years 1990, 1995 and 2000 A.D. 
are given in Table 1. 

Based on the availability of fodder and 
feed material to sustain the present population 


of cattle, buffaloes, goats and sheep and the 
projected population, it has been advocated in 
many quarters that the population of these 
animals is too large to be sustained in a healthy 
and productive state. It would, therefore, seem 
logical to examine the following questions : 

(i) Is the number of animals too large ? 

(ii) Is the productivity per animal in terms 
of work, meat or milk output poor ? 

(iii) What should be done to meet the 
nutritional and work needs of the 
people of the country ? 
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Solutions have been suggested from various 
quarters, including the Government, that for 
betterment of cattle population and increased 
productivity, the poorly productive ones should 
be slaughtered and the breed and feed should 
be improved. However, there is an equally 
strong school of thought that the productivity of 
indigenous cattle (work, milk and meat) is poor 
essentially due to malnutrition (cf. Table 2), In 
this context, it should also be realised that a 
large fraction of cattle, buffaloes, goats and 
sheep population depend on grazing in far and 
wide areas to meet the feed requirements, partly 
due to traditional parctices and partly due to 
non-availability of feed and fodder in the stable. 
Another important factor is that the feed 
requirement, being met by grazing, costs little 
to the owner of the livestock. The resultant 
effect of this is on the reduced productivity of 
the animals, which return to the stable after 
wasting energy in movement for grazing. The 
scope for improving the work potential and 


milk yield of the indigenous cattle through 
proper feeding has been recognised by the 
National Commission on Agriculture (NCA), 
1976 which states that “the working efficiency 
of indigenous bullocks can be enhanced by 
30% and the milk yield of indigenous cows by 
50% by better and scientific feeding.”® It 
would, therefore, be worth examining, the 
strategies to meet the feed requirements of 
these animals to bring about an overall 
improvement. 

In addition to meeting the nutritional re¬ 
quirement of the human population in the form 
of milk and milk products and meat and 
mutton, the management of cattle or animal 
husbandry for agriculture, cane crushing, oil 
extraction, cart transport, ploughing are all 
traditionally integrated in the culture of the 
productive activities of the vast rural communi¬ 
ty, forming the very backbone of the country's 
economy. Therefore, reducing the livestock 
population without improving the technology 


TABLE 2 : Fodder and Feed material: Availability, requirement, shortfall and projected 
requirement upto 2000 A O. 


Fodder or 

Requirement 

Availability 

Shortfall 

Feed 

Million tonnes in 1973 

{%) 

Green fodder 

343.57 

214.5 

44 

Dry fodder 

347.4 

309.0 

11 

Concentrates 

19.5 

11.0 

38 


Requirement Projections upto 2000 A.D- 


Fodder or 

Feed 


Million tonnes a-* 



1980 

1985 

1990 

1995 

2000 

Green fodder 

354.38 

362.49 

371.08 

380.14 

389.72 

Dry fodder 

357.96 

366.15 

374.83 

383.98 

393.66 

Concentrates 

20.14 

20.60 

21.08 

21.60 

22.14 


38 


SCIENCE AND CULTURE. FEBRUARY, 1988 





for replacement and solely on the reduced 
availability of feed materials would create 
severe imbalances in the rural economy and 
may even prove disastrous for the country. In 
the following sections, availability of fodder 
and concentrates and the strategy to meet the 
feed requirement for the cattle, buffaloes, goat 
and sheep population upto the year 2000 A.D. 
are discussed. 

Fodder and Feed Requirements and Supply 

NCA gives the fodder and feed require¬ 
ments under three heads viz, green fooder, 
dry fodder and concentrates-—(cf. Table 2). The 
aggregate of fodder and feed material required 
for 1973 cattle and buffaloes population cal¬ 
culates to 8.18 kg per day per capita. However, 
the amount available in the same year was 
6 15 kg per day per capita, a shortfall of 2.03 kg 
per day per capita (24.82"u). Table 2 also 
gives the break up of fodder and feed require¬ 
ment for the cattle and buffaloes population as 
projected in Table 1, from 1980 to 2000 A.D. 
These requirements do not envisage introduc¬ 
tion of e.xotic variety of cattle which are known 
to consume much higher fodder and feed to 
give optimum yield in terms of milk, work and 
meat*. The incremental requirements for 
the three plan periods starting from 1983 over 
the availability in 1973 are given in Table 3. 
The availability of fodder and feed material. 


TABLE 3 : incremental requirement in (%) over 
1973 availability of fodder and con¬ 
centrates upto 2000 A.D. 


Fodder and 

Incremental Requirement 

O/ 

/o 

Feed 

1985 

1990 

1995 

^00 

Green fodder 

69.39 

73,4 

77 64 

82.1 

Dry fodder 

18.5 

21.3 

24.27 

27.4 

Concentrates 

87.27 

91.64 

96.36 

101.3 


based on the above premise, would then have 
to be increased by 82.1% for green fodder, 
27.4% for dry fodder and 101.3% for concentra¬ 
tes by 2000 A.D, Aspects related to the 
production potential and availability of these 
materials are examined in the following 
subsections. 

Dry Fodder 

The edible straw and husk from foodgrain 
production in 1973 was 121 mT.s The 
availability of dry fodder in 1973 was 309 mT 
(cf. Table 2). It, therefore, follows that 188 
mT of dry fodder was available in the form of 
dry grass and other dry edible materials. In 
1985, the edible straw and husk available from 
foodgrain production of 160 mT of grains is 
around 200 mT (It is estimated that for each 
tonne of foodgrain about 1.25 tonnes of dry 
straw and husks are produced^). It follows 
that to meet the requirement of dry fodder 
(366.15 mT) only 166.15 mT of dry grass and 
other dry edible materials are to be made 
available. If the projected target of foodgrain 
production of 277 mT in the country in the 
year 2000 A.D. is achieved'^, the dependence 
on dry grass and dry edible material to meet 
the dry fooder requirement will be only to the 
extent of 47.41 mT. This is far below that was 
available even in 1972-73. This means that the 
pressure on grass land and fodder crops will 
considerably reduce. It would, therefore, be 
necessary to introduce appropriate techonolo- 
gical, organisational and managerial expertise 
to take advantage of reducing pressure on gra,ss 
lands due to progressively higher availability of 
straw and husk. These actions would help 
in regeneration of vast grass lands, fodder 
lands and forests, increasing the green cover 
in the country. 

Green Fodder 

The green fodder is available from four 
main areas of land viz, permanent pastures, 
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cultivable wasteland, forest area open to grazing 
and area under cultivated fodder crops, NCA 
and The Handbook of Agriculture *’*(HA), 1980 
have given areas under three heads a summary 
of this information is presented in Table 4. 

TABLE 4 : Area under fodder crops (1973) 


Type 

HA* 

NCA** 

Permanent pasture 

13 

13.3 

Cultivable wasteland 

15 

16.1 

Forest area open to grazing 

21 

36.13 

Area under cultivated fodder crops 

14.52 

(4.4%) 

13.86 

(4.2%) 


* HA : Handbook of Agriculture, 1980 

•* NCA : Report of the National Commission on 
Agriculture. Vol. VII, 1976 


It is seen from this table that estimates of 
forest area open to grazing are different by as 
much as 15.13 mha. Both the Handbook of 
Agriculture and NCA have also given the 
average yield of fodder crops, grasslands and 
tropical & subtropical forests. These are 
presented in Table 5. NCA has further obser¬ 
ved that “for want of survey data, the Live- 
stok Feed and Fodder Committee of the 
Ministry of Agriculture and Irrigation estima¬ 
ted on an average fodder yield of 50 tonnes 
per hectare of irrigated and 25 tonnes per 
hectare of unirrigated area under cultivated 
fodder land. The irrigated fodder land area is 
given as 6.5 mha out of a total of 16.5 mha of 
land area under fodder crop land.” This 
yields a total of 575 mT of green fodder. NCA 
has also quoted 525 mT, 288 mT and 430 mT 
as the quantity of extra forages and grasses 
being available to livestock through grazing. 
These estimates include grass available to meet 
the full feed requirement for three monsoon 


mondis and half the requirement for the next 
three post-monsoon months. It is also pointed 
out that the grasses available during winter 
rains is not included in these estimates. If the 
practice of grazing is discouraged in favour of 
stall feeding, higher production will be obtained. 

TABLE 5 : Yield of fodder crops and grass 
lands 

'' ' .. ■ ' — 

tonnes ha->a-> 

HA* NCA** 

Fodder Crop 30 - 280 50 - 70 Seasonal 

(i.e., perennial Optm. conditions 100 - 150 Special 
grass) (N - S) 

75 

(W-E) 

Grasslands 4.2 

(hay) 0 55 

(with bushes) 


Semitropical 
and Tropical 68 
forest 

* Handbook of Agriculture 
** National Commission on Agriculture 

It is assumed here that the forages and grasses 
are available for grazing from 13 mha of 
permanent pasture land and 50% of the forest 
area open to grazing i.e., about 10 mha. Based 
on these assumptions and taking 430 mT as 
the available forage and grasses from these 
areas, the average yield comes to about 18.7 
tonnes per ha. In contrast to this, the Hand¬ 
book of Agriculture has given the yield of 
grasses in permanent pasture land and forest 
area open to grazing (tropical and sub-tropical) 
as 30 tonnes and 68 tonnes per ha. This yield 
can further be increased to 50 tonnes per ha 
and 90.5 tonnes per ha if the potential of the 
land production is properly exploited, the area 
under fodder crops identifies 15 mha as cultiva¬ 
ble wasteland which has a potential of produc- 


200 - 300 Hybrid 


4.2 

0.55 

(with bushes) 
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ing about 25 tonnes per ha of green fodder. 
Based on the above, the total amount of green 
fodder that can be produced from the above 
land resources works out to be 2193 mT. This 
is a very large quantity of green fodder availa¬ 
ble in the country and we find it difficult to 
understand the hue and cry being made regar¬ 
ding the shortage of green fodder to feed the 
bovine population. It is important to note 
that this estimate of 2193 mT or does not take 
into account the 575 mT of green fodder avai¬ 
lable from fodder croplands. It seems to us 
that the main reasons for shortages of green 
fooder being consistently indicated in official 
documents could be due to : 

(a) Severe constraints on harvesting and 
preservation of green fodder for use 
specially from pasture land and forest 
areas during dry and non-productive parts 
of the year. The scope for using ‘ensiling’ 
technique for preservation of green fodder, 
which not only preserves the texture but 
also prevents loss of nutritive contents of 
the fodder, is not being exploited. 

(b) It has been observed that large tracks 
having standing dry forage are burnt—a 
wasteful exercise. 

We feel that there is a great demand for an 
organisation which should be specifically meant 
to harvest, preserve and distribute efficiently 
the green fodder throughout the country for 
stall feeding. This will result in reducing the 
overgrazing of pasture lands and forest area 
open to grazing and help in environmental 
regeneration. As a spin off, the optimum 
yield potential of forages and grasses from 
these lands would be realised. 

Concentrates 

The importance of feeding both working 
and milch animals with concentrates in ade¬ 
quate quantity is a well-known aspect of animal 
husbandry. NCA has given figures for 
concentrate production and availability for 


1971-72 (cf. Table 6)®. Concentrates are a mix 
of coarse grain, edible oil cakes, cotton seeds, 
rice & wheat bran and pulses’ by-product. 
The total production of these materials works 
out to 45.84 million tonnes, whereas the avai¬ 
lability within the country was only about 
11.05 mT in 1971-72. This availability is based 


TABLE S : Concentrates production and availa¬ 
bility for 1971-72 
(Requirement : 19.565 m tonnes) 


Million tonnes 

Production Available 
for feed 

1. 

Coarse grain 

24.494 

0.49 

2. 

Edible oil cakes 

3 419 

2.769 

3. 

Cotton seed 

1.98 

1.785 

4. 

Rice and wheat bran 

4.852 

4.678 

5. 

Puises (by-products) 

11.093 

1.331 


Total 

45.838 

11.053 


on contribution from coarse grain, which 
also form an important part of human diet. 
It would, therefore, seem difficult to increase 
the contribution to animal feed from this source. 
The total production of pulses in 1971-72 was 
11.093 mT. Thus the availability of 1.331 mT 
is about 12% representing pulses by-product 
in the form of chunni which is used for feeding 
animals The availability of items 2 to 4 in 
Table 6 depends “largely on the export policy 
of the Government of India which changes 
from time to time”, (NCA)-’. 

The NCA has observed that “at present, 
exports of oil cakes and other animal feeds are 
being encouraged, in many cases by subsidies 
and concessions’- (ref. 5 ; pp. 423-424). These 
animal feeds are required within the country 
for increasing production of milk, eggs, meat 
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and wool Some of these products are impor¬ 
ted at high cost. It can be seen that even in 
the year 1972-73, when 7,12,000 tonnes of 
cattle feed was exported, this quantity could 
have been converted into 1.78 million tonnes 
of milk, assuming that feeding cows with 1 kg 
of concentrate mixture over and above main¬ 
tenance ration, additional 2.5 kg of milk can be 
obtained. This, taking even the modest value 
of Re. 1.00/kg of milk, 178 crores of rupees 
worth of milk would have been produced as 
against Rs. 43.68 crores earned in foreign 
exchange.” Thus, it appears to us that the 
malnutrition and lower productivity of milk 
in the country is due to policy promoted 
scarcity condition attended with heavy finan¬ 
cial losses and malnutrition of the populace. 

The NCA has also given figures on the 
availability of concentrate feed of plant origin 
for the year 2000 A.D. (cf. Table 7)-. It 


TABLE 7 : Availability of concentrate feeds of 
plant origin in 2000 A D-* 


Item 

Amount in mT 

Coarse cereal grains 

25 00 

Wheat and Rice bran 

5.67 

Chunni from pulses 

4.38 

Oil cakes 

42.00 

Total 

77 05 


^Report of National Commission on Agriculture, 
Vol. VII. 1976. 


is seen that the availability of coarse grain has 
gone upto 25 mT in 2000 A.D. as compared to 
0.49 mT in 1971-72. Calculated on the same 
assumption of 2% availability in 1971-72, the 
total coarse grain production should increase to 
1250 mT in 2000 A.D. as compared to 24.494 
mT in 1971-72, an impossible task to achieve. 


If we were to arbitrarily assume that the coarse 
grain production in 2000 A.D. will be around 
50 mT, twice the production in 1971-72 then 
around 50% would be made available for 
animal feed. This also does not seem practical 
because of the attended increase in human 
population. Therefore, except for items 2, 3 
and 4 in Table 7, estimate of availability of 
animal feed presented by NCA does not look 
realistic. 

For the purposes of estimating the availa¬ 
bility of concentrate feed, we visualise that 
there is sufficient scope to improve the availa¬ 
bility of oil cakes on the following basis : 

According to daily nutritional requirements 
of fats for an adult, about 55 gm of fats shall 
be available®. Taking 40gm per day being met 
by vegetable oil indigenously and assuming 20% 
oil extraction efficiency, the total oil seed 
production in country will have to be increased 
to 62.20 mT in 1990, 69.4 mT in 1995 and 77.5 
mT in 2000 A.D., yielding 49.76 mT in 1990, 
55.52 mT in 1995 and 62.00 mT in 2000 A.D.’ 
of oil cake. Any short fall in oil production 
to meet the nutritional requirement will have to 
be met by procuring oil seeds in.stead of oil, so 
that the oil cake thus produced will be available 
for animal feed. 

The production of pulses is estimated to be 
37.5 mT in 2000 A.D. by NCA«. The daily 
nutritional requirement of pulses for an adult 
is 75 gm®. An average requirement of about 
60 gm per day for the entire population of 
country would mean 23.26 mT of finished pul¬ 
ses or 26.43 mT of whole pulses conumed by 
the human population. This would leave about 
11.09 mT of whole pulses in addition to 3.17 
mT of chunni. 

Thus on the above assumptions, taking 
62.00 mT of oil cake, 14.26 mT of pulses and its 
by-products, 5.67 mT of wheat and rice bran 
and 1.00 mT of coarse cereal, a total of 82.93 
mT of concentrate feed would be available in 
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the country by the year 2000 A.D. We will 
revert to this number again. The projected 
requirement of concentrates for producing the 
milk to meet the nutritional requirements of 
the population of the country is discussed in 
section on ‘Milk’, 

Nutritional Requirement and Availability 

Based on eating habits, the nutritional 
requirements (animal protein) of the population 
of the country can be divided into two cate¬ 
gories viz. non-vegetarian and vegetarian. The 
vegetarian population is totally dependent on 
milk whereas the non-vegetarian population 
depends partly on milk and partly on fish, 
meat, chicken, pork, etc. According to NCA 
the requirement of milk for the vegetarian 
population for all age groups is estimated to 
be 300 ml (average) per day per capita and for 
70 /0 non-vegetarian population, the estimate 
is 160-200 ml per day per capita•■*. From these 
figures, the average milk requirement works 
out to 202 to 230 mi per day per capita. In 
addition, according to the Indian Council of 
Medical Research, the balanced diet for a non- 
vegetarian adult should include 30 g of fish 
and meat per day®. In the following subsec¬ 
tions, the availability of milk, fish and meat 
upto the year 2000 A.D. is examined. 

Milk 

The availability of milk has been esti¬ 
mated as 110 ml per capita per day from the 
production figures of 1973-74 giving a deficit 
of about 50% The estimates of milk produc¬ 
tion have taken into account the contribution 
from goats. Of the total 20 mT of milk 
produced in 1966, the contribution from goat 
is only 5,70,000 tonnes amounting to less 
than 3%. In view of the uncertainties for milk 
production figures, the contribution of goats 
towards milk production could be neglected for 
the purposes of estimates for availability of 
milk. It is, therefore, assumed that the entire 


milk needs of the country are to be met from 
the yields from cows and buffaloes. 

The milk demand for the year 2000 A.D. 
with the prescribed average nutritional require¬ 
ment of 220 ml per day per capita is 85.28 
million tonnes per year. If the present practice 
of lower concentrate feed level as obtained in 
the year 1972 is maintained for the entire live¬ 
stock population, then the milk production 
calculates to 26.4 mT in 2000 A.D. a shortfall 
of 58.88 mT. NCA has observed that “work- 
ing efficiency of indigenous bullocks can be 
enhanced by 30% and the milk yield of indige¬ 
nous cows by 50% by better and scientific 
feeding Thus a 50% increase in the milk 
yield can be realised by meeting the fodder and 
concentrate feed requirement of the bovine 
population as given in Table 2. This would 
increase the total milk yield from 26.4 mT to 
39.6 mT, providing only 102 ml milk per day 
per capita in 2000 A D. This represents a 


TABLE 8 : 

Milk Production Estimates 

Cattle f buffalo 

Milk 

Year 

population 

Production 


(million) 

(million 



tonnes) 

1973 

237.83 

23.20 

1977 

241 96 

23.60 

1980 

245.18 

23.92 

1985 

250.79 

24 46 

1990 

256 73 

25.04 

1995 

263 00 

25.66 

2000 

270.63 

26 40 

deficit of about 53.6% as 

compared to 50%, in 

1973, an increasing trend. 

It, therefore, follows 

that there 

is an urgency of increasing the milk 

production 

to an average human consumption 


of220 ml/day to meet the nutritional require¬ 
ment. 
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The population of total cattle was 179 m 
and buffaloes was 58 m in 1972. Of these the 
female population in milk is 12.4% for cattle 
and 26.25% for buffaloes respectivelyIt 
bears repetition that one kg of extra concentrate 
feed can increase the milk yield for the current 
stock of milch animal by 2.5 kg. We assume 
further that the milch animal proportion of the 
respective bovine population remains the same 
till 2000 A.D. If preferential feeding of con¬ 
centrates are stipulated for the bovine popula¬ 
tion in milk for higher level of milk production, 
i.e. 1 kg of extra concentrate feed per day, 
then the additional concentrate required calcu¬ 
lates to 16.56 mT, yielding 41.41 ml in addition 
to 39.6 mT of milk which would normally have 
been produced, giving a total of 81.0 ml. This 
would mean that 209 ml of milk per day per 
capita will be available in 2000 A.D., which 
is coming within the range of nutritional 
requirements for the population (cf section on 
nutritional requirements). Thus the total 
requirement of concentrates calculates to 40.41 
mT as compared to the availability of 82.93 ml’ 
in 2000 A.D. This requirement can be entirely 
met from oil cake production leaving sufficient 
surplus of concentrates as feed for other bovine 
population. 

The argument of the NCA that “it may 
appear that it will be well-nigh impossible to 
achieve this much increase in milk production. 
We, however, like to state that the increase in 
milk production as proposed by us is techni¬ 
cally attainable as discussed in Chapter 29 on 
dairy development (p. 12, Ch. 28 of NCA Vol. 
VII). We Would, however, like to emphasise 
that for achieving the target of milk production, 
it will be absolutely essential to expeditiously 
implement the programmes proposed by us for 
bringing about an all round improvement in the 
genetic quality of the indigenous stock, their 
maintenance in good health and provision for 
proper feeding to enable them to portray their 
genetic potentiality” is difficult to support. We 
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would rather like to assert that the required 
amount of milk supply can be attained with the 
current genetic stock of cattle and buffaloes by 
improving the fodder and concentrate availa¬ 
bility through improved organisational and 
managerial efforts. 

There is a persistent emphasis on mechani¬ 
sation of agricultural practices, which should 
remove some demand for,the animal power 
requirement in agriculture progressively. This 
will alleviate concomitantly the feed require¬ 
ment for work animals as we have estimated 
on the basis of the agricultural practices during 
1972-73. However, we have not attempted in 
this article to make allowances for that only 
in the hope that any improvement in these 
practices will lead to better nutrition for the 
bovine population and higher productivity of 
milk and energy, even with the present genetic 
stock. 

Fish and Meat 

NCA has e.stimaled that the per capita 
dressed fish availability, after a loss of 40%, 
is 4.2 kg a“‘ in 1971,7.4 kg a~* in 1985 and 
10.3 kg a~‘ in 2000 A.D. This gives per day 
availability as 11.5g in 1971, 20.3 g in 1985 
and 28.2 g in 2000 A.D. It would, therefore, 
seem that the ICMR requirement of 30 gm 
per day per capita of fish and meat for non¬ 
vegetarian population can be met. However, 
in view of the varying eating habits of the 
people and the export needs, it might be 
assumed that 20 g per day per capita require¬ 
ment would be met by fish. This leaves about 
33% of the requirement to be met from meat. 
The estimated meat production figures arc 
presented in Table 9. The basis for the calcula¬ 
tions for the figures presented in table 9 are ; 

(i) The present practice of slaughtering 
36% of the goat population continues ; 

(ii) Constant availability of 111 m kg/year 
from sheep since the population growth 
is taken as nil; 
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TABLE 9 ; Meat production by goat and sheep in 1980, 1986,1990, 1995 and 2000 


1980 

1985 

1990 

1995 

2000 

Million kg 


Goat 

Sheep 

291.3 

111 

326.3 

111 

365.4 

111 

409.2 

111 

458.2 

111 


Total 

402.3 

437.3 

476.4 

520.2 

569.2 




Meat availability 

per capita per annum 





kg a-* 





0 84 

0.82 

0 80 

0.78 

0.76 



Calculation ; 

(1) Goat in 2000 A.D. 


127.28 > 0.36 X 10 - 458.2 million kg 

million slaughter kg 

per capita 

Sheep (taken constant from =111 million kg 

1967-68 onwards) 


Total - 569.2 million kg 


(2) Meat availability ; 

. 402 3 million kg _ 

■ 478.'1 million population 


= 0.84 kg per capita 
per annum 


(iii) an average yield of 10 kg per head 
from goat population. 

Thus, in 2000 A.D., only 0.76 gm per day 
per capita meat would be available from sheep 
and goat. The contribution from other sources 
such as chicken, beef, pork, etc. is not foreseen 
to be significant. It is, therefore, seen that a 
deficit of about 9.24 gm per day per capita 
for the non-vegetarian population would be 
experienced by the year 2000 A.D. 

The NCA, based on the projected availa¬ 
bility of fodder and feed have suggested to 
limit the goat population to 40 million by 2000 


A.D, and to improve and increase the stock of 
sheep. This essentially means increasing the 
sheep population by a factor of four and 
improving the breed to yield mutton at least 
by a factor of eight higher than the present 
yield of 10 kg/hcad Both these propositions 
seem well nigh impossible. In fact the per 
capita availability of meat and mutton has 
steadily gone down from 1986 to 2000 A.D, 
(cf. Table 9) although goat population has 
increased. The main reason for this deficit 
is increase in human population. Under the 
present conditions obtained in the country, 
increasing the yield of meat per head of animal 
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seems to be the only alternative. This can 
be achieved in the first stage by modifying 
the goat and sheep rearing practices such as 
penn-feeding and limited grazing with muffled 
mouth for exercise. Penn rearing of sheep 
is adopted in Rajathan on a limited scale in 
sheep farms. 

Bovines : Indigenous Vs. Exotic 

NCA has advocated reduction in the 
number of unproductive bovines based on the 
argument that the fodder and feed required to 
meet the indigenous bovine population obtained 
in 2000 A.D. (refer Table J) is too large. The 
strategy suggested envisages reduction in the 
indigenous bovine population and increasing 
the milch population by introducing exotic 
variety to meet the nutritional requirements 
with respect to milk. A simi'ar argument 
has also been put forward for the reduction 
in the goat population. NCA has, however, 
not deliberated on the availability of meat 
and mutton and the requirements of the leather 
industry. The present estimates of slaughtering 
of ox and male baffaloes is around 0.5% of 
the total population. 

Under the circumstances it will be necessary 
to examine the fodder and feed requirements 
of the bovines in the year 2000 A.D. for indi¬ 
genous and exotic varieties. The requirements 
of fodder and feed for indigenous variety to 
produce milk according to the nutritional 
requirements, as discussed earlier, are 380 14 
ml of green fodder, 384 mT of dry fodder and 
40.41 mT of concentrates. These should be 
compared with the requirements projected by 
NCA of 590 mT green fodder, 358 mT dry 
fodder and 58.82 mT concentrates, for partial 
replacement of the unproductive indigenous 
varieties by the high productive exotic variety. 
Thus it is clearly seen that the reduction in the 
indigenous bovines and introduction of exotic 
bovines does not reduce the requirement for 
fodder and feed. On the contrary, the increase 
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for exotic variety is 1.55 times for green fodder 
and 1.46 for concentrates. In the case of dry 
fodder, the requirements of the exotic variety 
are slightly less (7%) compared to that of 
the indigenous variety. We have discussed in 
detail the strategy and potential for the produc¬ 
tion and availability of fodder and feed earlier 
and we feel that it w'ould be possible to sustain 
the population of either indigenous or exotic 
bovines without sacrificing their nutritional 
requirements. It would, however, be essential 
that a study is undertaken to identify the chan¬ 
ges brought about in the rural and the urban 
scenario before the introduction of the strategy 
suggested by NCA. 

Crazing Practices 

The adverse effects of uncontrolled grazing 
are many fold worst being hardening of the soil 
crust so that even from the dung droppings, the 
manural elTcct of these droppings is not utili- 
sablc The grazing cattle, goats and sheep 
nimble all the new shoots sprouting out, further 
reducing the regenerative potential of the land. 
The seepage of rain water through the hardened 
top soil is considerably reduced lowering the 
potential of subsoil watcr/moisture and increa¬ 
sing the potential of flash floods. It is too 
often being stressed that India has a surplus 
population of cattle and domestic animals. It 
is not fully realised that this growth in popula¬ 
tion has not been promoted by any Government 
policy, but by the sheer logic of needs of the 
farmer, dairyman and those who live by and 
on the browsing goats and sheep. 

Government policy of auctioning the stan¬ 
ding fodder/grass crop has contributed consi¬ 
derably towards lowering productivity of fodder 
and grass. This is because Government looks 
upon these areas from the point of view of 
some revenue earning without investment for 
enhancement of productivity of these land for 
the purpose. This is an inducement to owners 
of grazing animals to^ grazing pastures unpro- 
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tected and unmanaged. In any case, protection 
of these pastures by the animal owners has no 
incentive since any increase in crop yield only 
adds to the profit of the contractor. 

Reference 1, p. 7 points out that as and 
when the Government came out in the picture 
With a policy of land reform, the pressure on 
grazing land has gone up from 39 animal units 
per ha (51-52) to 105 au/ha (77-78) i.e., an 
increase by a factor of about 2.7 whereas the 
cattle population during the same period incre¬ 
ased by a factor of 1.16 (180/155). Lack of a 
coordinated policy or an effort for increase in 
productivity have led to such incongruities. 

Ratio of cattle (including bufifalocs) to goats 
and sheep in 1977 works to 2.07 whereas the 
damage caused to potentialities of the grass 
and forest land by the later group far exceeds 
the damage caused by the former. In the gra¬ 
zing of goats and sheep, no designated area or 
ownership of land is involved nor the restric¬ 
tion on movement into common grazing land 
is enforced as much as the owners of these 
animals do not have any responsibility for 
fodder production, whereas cattle owners being 
anchored at one place, there is limitation of 
the area to which the cattle can be taken to 
graze. 

Extensive migration of sheep and goats and 
lack of control over the area they graze can be 
obviated if along the routes of migration (ref. 
1) penns are created to contain the animals 
and fodder is brought to them by the owners. 
The compelling reason for migration of these 
animals is the non-availability of fodder and 
climatic conditions and by grazing them in 
available fodder land decreases the yield which 
further complicates the problem of feeding 
whereas the population is allowed to grow for 
economic reasons. If these, animals are penn- 
fed and for exercise, they are allowed to roam 
in designated locations with muffle faces, this 
hardship of the tribes due to migration can be 
minimised to a great extent. However, we 


are not sure if the practice of migration can be 
entirely done away with. 

It is instructive to appreciate as stated in 
ref. 1 that only 30% of sheep and goat 
population in migratory in Rajasthan. Of the 
6.54 million sheep in Rajasthan, 0.6 million 
is migratory (10%). The psychology of relief 
economics is entirely a wrong approach which 
puls a premium in favour of unproductive 
work. 

Frequency of drought and flood as given 
in table on page 13, ref. 1 no longer holds 
since deforestation and denudation of grass 
ri)ots have proceeded at fast pace increasing 
in geometric progression, now we have a higher 
frequency of drought and flood in all the states 
and sometimes some of the bigger states suffer 
from both drought and floods in different parts 
simultaneously. 

All these point out to an agressive progress 
of desert like conditions in many areas of the 
country, (page 13, option for future, 2nd 
para, ref. 1). 

Simultaneously with the restrictions in the 
grazing practices in the country, it is essential 
that fodder trees such as leucaena and legumes 
are planted in all parts of the country since the 
yield/area in trees is higher than from an equiv¬ 
alent area in grass land and some of the trees 
arc amenable to loping and clipping several 
times a year. 

Arranging for fodder development and 
guarding, it is no solution as we have already 
seen with our experience in forestry develop¬ 
ment. People whose interests lie in fodder 
production have to be enthused to participate 
in the programme of fodder development and 
production. If the people are assured by 
the Government or the power that be that 
the profits would accrue to them under some 
cooperative arrangement, then and only then 
the viable solution would evolve. Key to the 
solution of the problem is people’s participation 
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in the programme wherein the institutions, rese¬ 
arch organisations and other knowledgeable 
bodies should participate in transferring their 
knowledge and techniques to the people at the 
grass roots. Care has to be taken that people 
are organised and information communicated to 
them as to the source wherefrom they can get 
good scientific information, management 
methodology and an extensive development 
of nurseries and demonstration plots. Adminis¬ 
trative machinery has to be geared to protect 
these cooperative efforts from the local vested 
interest and the mafias. This approach has 
given very rich dividends to the country in the 
form of enhanced production of agricultural 
crops. In our understanding, efforts—scientific, 
organisational and administrative~for develop¬ 
ment of forest and fodder land be taken up at 
par with the efforts put in for agricultural crop 
production. 

Adequate fodder is available tn the country 
to meet the requirement of animal nutrition 
and productivity. Further, there is tremendous 
potential in the country for enhancement of 
this productivity through concerted scientific 
and managerial efforts. The need for protein 
nutritional requirement of the country can be 
met adequately with the current genetic stock 
of animals with enough scope for improving 
upon them for increased production for expor- 
tive purposes in the future. 

In our discussions, we have not touched 
upon the problem of water management for 
better productivity in the forest and grazing 


lands. In all discussions on water management, 
irrigation requirements for the farm lands are 
discussed, which constitute 143 mha of the land 
mass. The non-agricultural land, mostly 
denuded now, constitute 123 mha of the land 
area of the country of which only 30 mha 
has forest cover. In respect of water manage¬ 
ment, attention has to be given to conserve all 
the water that falls in the innymerable number 
of micro-shed regions of the country and 
conserving the water falling in the country 
side in the village ponds and lakes. The 
strategy has got to be such that water in rainy 
seasons is not allowed to run off choking and 
silting up the rivers and tributories, but rather to 
impound the water so as to allow it mostly to 
seep through the soil matrix till it reaches the 
drainage channels. We have not discussed the 
importance of this requirement in the article for 
better production of fodder, feed and concen¬ 
trates. This problem and its solution has been 
eloquently discussed in a paper by Vohra'’. □ 
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PARTICLE ACCELERATORS AND THE CHANGING CULTURE OF 

PHYSICS RESEARCH* 

B. B. BALIGA** 


'pHOSE were the days when a lone experi¬ 
mental physicist used to work with his 
apparatus for hours together and gather rele¬ 
vant data. He hardly had to depend upon 
others for this work. If one is a bit senior 
and bogged down with teaching or adminis- 
strative duties, the students (one or two) used 
to fulfill the task. In the case of a professor, 
the senior research students along with juniors 
used to attend to the chores. Thus one could 
generally see two to three names in the pub¬ 
lished work. The group used to be closely 
knit and the senior most person used to guide 
and rule. Even if the junior had bright ideas 
(and if they were accepted by the senior) they 
used to become part of the senior’s thinking. 
In many cases no recognition of this was even 
expressed or indicated and the student’s main 
aim was to get his doctoral thesis done (with 
barely one or two papers published along with 
his teacher). The experiments in the first half 
of this century mainly used to be classical 
topics with optical spectroscopy and X-rays 
thrown in. In the latter subject too it was 
possible to obtain data single handedly and 
the only restriction used to be that the presence 
of at least another person (laboratory assistant 
or a helper) was required compulsorily. This 
was due to the fact that the experiments invol¬ 
ved high voltages and there was always the 
danger of accidents and injury to the worker 
concerned. But the task of collecting data 
was that of the research student, and the 

♦Lecture delivered (on 11th January, 1988) during 
the meeting of the Committee on Science and Society, 
Indian Science Congress Association Platinum 
Jubilee session held at Pune 7-12 January, 1988. 

♦•Saha Institute of Nuclear Physics, Calcutta-700 009. 


latter would inlerprete them in consultation 
with his teacher. 

The new breakthroughs in physics (relati¬ 
vity, quantum mechanics and nuclear physics) 
at the beginning of the century revolutionised 
our concepts of physics as a whole and brought 
in refinements and complications in experi¬ 
mental physics. The picture of a lone resear¬ 
cher toiling in the laboratory at midnight hours 
was completely wiped out. When the feasibi¬ 
lity of particle accelerators was established in 
the early thirties (of this century) it was clear 
that the physicist had to call upon engineers 
(mechanical, electrical and others) to fabricate 
and run these new tools of his research, 
leaving him free to wrangle with the physics 
aspect of the problem. This new culture ini¬ 
tiated in the West spread sooner or later to all 
parts of the world. Today an experiment in 
physics involves the efforts of physicists, 
engineers and technicians, whose intense and 
dedicated labour in unison contributes to the 
successful completion and achieving of 
results. 

When professor Meghnad Saha proposed 
the fabrication of the cyclotron in the Palit 
Laboratory of the Calcutta University, the 
magnitude of the problem was not envisaged 
properly nor were thoughts given to the changes 
in the research culture it was going to bring 
about. The new experiment of cyclotron 
fabrication was taken up like any physics 
apparatus in the classical laboratory by physi¬ 
cists trying to tackle each and every problem 
faced. Soon it became clear to them that the 
engineering aspect of the project had to be 
assigned to the experience of engineers and the 
vacuum problems faced in the successful 
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running of the machine had to be tackled on a 
different footing. Though the subject of 
vacuum was easy to comprehend for the 
physicists, it required really the tenacity of 
sharp technicians to develop the skill in leak 
hunting and making the system vacuum tight. 
The experience of those early days was such, 
that bright physicists failed miserably as their 
patience wore out in leak detection or waiting 
for the vacuum to be obtained in large systems. 
On the other hand those who were determined 
to solve the problem by developing the skill 
of leak detection, did not find the energy to 
pursue physics problems, thus ultimately loosing 
interest and skill in their training as physicists 
and became only glorified technicians in the 
laboratory. These pitfalls of the early days 
were enough warning to organise research in 
a new way, in the modern research institutes, 
shorn of teaching and other academic atmos¬ 
phere, The argument forwarded and favoured 
in the late forties was that for efficiently con¬ 
ducting research, it has to be taken away 
from the slow and lethargic atmosphere of the 
university (in both financing and executing the 
project). Thus independent India saw a spate 
of research institutes away from the universi¬ 
ties, having laboratories provided with skilled 
technicians, services of engineers and the 
scientists. 

With this new philosophy of inter-discipli¬ 
nary cooperation many an institute did create a 
congenial atmosphere for research and executed 
successfully several large projects which could 
not have been even conceived of, in the early 
part of the century. However, each system 
has its own strength and weakness. The cons¬ 
ervative attitude of the universities in coming 
out of their shells to plan and execute large 
projects is one aspect, but the very soul of the 
universities in ever interacting with the young 
generation and constantly replenishing the 
thinking was absent in the institutes devoid of 
teaching. Teaching not only imparts know- 
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ledge to the young but expands the understan¬ 
ding of the teacher, taking him to higher planes 
of comprehension with each class. In recent 
years several institutes have tried to make up 
for this lacunae by introducing teaching courses 
in their institues or attaching itself on a volun- 
tery basis with close-by universities. We have 
digressed a bit from the main theme, let us 
return to it. 

Due to wartime delays in procuring the 
components and then finding a suitable place 
for assembling the same in the university atm¬ 
osphere, works on the fabrication of the cyclo¬ 
tron, in earnest, was started only in 1951 when 
the Institute of Nuclear Physics came into 
existence. After a couple of mishaps in the 
erections, the physicists could realise the impro¬ 
vement in the machine and a new design was 
planned with double manifold (from the earlier 
single one). Local fabrication of the massive 
structure (from the standards of those days) and 
getting some of the attachments made in its 
own workshop, the machine became ready 
in 1958 for operation. The beam was obtained 
in 1959 but experiments with internal beam 
were started only in 1960. After a period of 
good activities during the sixties and seventies 
(a number of Ph.D. dissertations were com¬ 
pleted using the machine) the machine is pres¬ 
ently being maintained for occassional uses. 

A second cyclotron of similar dimensions 
(decommissioned from Rochester University, 
USA) arrived in the country in the mid sixties, 
found its mooring in Chandigarh at Punjab 
University after its recipient settled down there, 
and started operating in the mid seventies, 
whereas regular experiments started in the late 
seventies. Presently many neighbouring univer¬ 
sities are using it for experiments. In the mean 
time a number of Cockroft-Waltons and Van 
de Graafs (small accelerators of nuclear parti¬ 
cles) were installed in many institutes and 
universities. These machine required a small 
number of crew (mainly trained technician and 

SCIENCE AND CULTURE, FEBRUARY. 1988 



hardly one engineer) and still the old tradition 
of small groups (consisting of two to three 
persons) could conduct an experiment. When 
extended periods of data taking started coming 
into vogue (spread over several days without 
break) naturally the groups grew larger and 
the number of persons conducting each experi¬ 
ment also increased. 

Then the planning of the real big facility 
started in 1964 when Dr. H. J. Bhabha having 
held discussions with scientists from all over 
India for two days, and decided to go for a big 
cyclic accelerator and another large electrosta¬ 
tic machine for the use of nuclear scientists in 
the country. But due to the sudden demise of 
Dr Bhabha in 1966 and the subsequent reorga¬ 
nisation, the project got delayed. It was taken 
up by the new chairman Dr. Vikram Sarabhai 
sometimes in 1968 and a team of scientists was 
sent abroad to select a suitable machine which 
could be fabricated for the major part in the 
country and at the same time be sufficiently in 
the forefronts of accelerator based research in 
the medium energy nuclear physics (and allied 
other disciplines). The Sector Focussed Vari¬ 
able Energy Cyclotron was the result of this 
search—the machine having sufficient flexibi¬ 
lity to mould itself to the future needs. The 
necessary drawings from Berkaley were purcha¬ 
sed and local industries were identified to fabri¬ 
cate the machine in the country. It was 
the first time that some of these industries 
had faced such a challenging and exacting job 
for which they had to gear up afresh to 
deliver the goods to the specifications demanded 
for the job. It is heartening that some of them 
excelled in their zeal and provided their share 
of the equipment better than what we could 
have obtained by importing. The job of 
meticulous assembling was started and the 
first beam in the machine was obtained in the 
year 1977. It was a symbolic triumph of an 
experiment where engineers and scientists had 
worked together to achieve purposeful result of 


high quality. It was the symbol of building 
up the self-confidence of the nation as a whole 
that we belonging to different disciplines could 
work in unison, complementing each others’ 
contribution to achieve the same goal. This 
was just the beginning of a new culture which 
in advanced countries have produced scientific 
marvels, for example, the precision with which 
moon landing was done, or planetory probing 
is being done, or the mating of Soyuz series of 
space vehicles thousands of kilometers away in 
space. 

To run a machine of such a magnitude, a 
band of workers consisting of technicians, 
engineers and scientific assistants is required 
who have to coordinate their work with high 
precision and timing. It is true that the 
scientist himself will propose the problem of 
research and then analyse the results obtained 
in the experiment. But this process of getting 
the results has become more complex and 
involved. Even if there is one loose link is this 
whole gamut of actions and reactions, the whole 
experiment could be reduced to a waste. Thus 
even from the technicians and engineers the 
highest kind of concentration in the work ir. 
demanded and the research scientist is charged 
with the additional responsibility of personal 
management. Whereas in the earlier days it 
was the case of matching of the temperament 
of two to three individuals, presently, adjust¬ 
ments, give and take and overall matching of 
the attitudes of a large number of heterogeneous 
persons is demanded. The successess of an 
experiment depends upon how well these 
qualities have been attended to. 

Naturally, it takes time to adopt to the new 
culture which has to be cultivated. This is 
especially true with small university groups 
which want to work with big machines. The 
culture shock which they get is difficult to bear 
and, many a time, they end up in unreasonable 
complaints. Research is a creative activity and 
requires an inner urge of motivation to achieve 
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results. Persons cannot be goaded to produce 
results which they are not inclined to. When 
a large group of intelligent individuals have to 
work together to produce something which can 
be appreciated, then the leader of the group 
has the onerous job of guiding the junior mem¬ 
bers gently and understandingly, and encourage 
the colleagues by proper appreciation of the 
tasks performed. If these skills are utilised 
properly, it can work wonders since no amount 
of financial reward can replace a simple sincere 
appreciation. The leader of the group must 
have a good understanding of human relation¬ 
ship and must practice modern personal 
management tactics. More than half the 
success of experiment depends upon this factor. 

Seeing the facilities available at the VECC 
and realising their role in modern competitive 
research, demand for more such facilities 
increased both from the scientists in research 
institutions and from university quarters. The 
14 UD Pelletron facility at TIFR, a joint 
venture with BARC Bombay and Nuclear 
Science Centre (NSC) Delhi with similar faci¬ 
lity nurtured by the University Grants Com¬ 
mission are the results of such pursuation. 
The NSC, the epitome of university research 
in the country is trying to plan its programme 
for effective utilisation of the available facilities. 
A number of workshops to evolve concensus 
to guide the working of the centre were orga¬ 
nised all over the country. Majority of the 
scientists who attended them did so with uto¬ 
pian ideas of research without suggesting any 
means of achieving the same. Many were the 
subsidiary facilities which were demanded to be 
maintained and made available but hardly any 
group came forward to fabricate and maintain 
the same for all. This situation has arisen 
mainly because of the cultural lag dis¬ 
cussed earlier. It is absolutely necessary that 
individual groups should think in terms of 
coming together (solving whatever minor impe¬ 
diments there are to do so) and manning the 
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needed facility so that by the time the main 
machine starts operating one or two supporting 
facilities are ready to assist. It requires 
mutual trust and understanding, and a bit of 
sacrifice (especially of ego) on the part of an 
individual scientist. At the rate at which 
science is advancing it is not possible for an 
individual scientist to keep all the information 
required and acquire the ^propriate skills. 
He has to depend upon healthy give and take 
with other scientists not only in his own disci¬ 
pline but also, may be, in allied disciplines. 
To illustrate this point further, take for exam¬ 
ple a simple scattering/reaction experiment 
with an accelerator spread over three/four 
days. First the scattering chamber with mul¬ 
tiple detectors have to be made ready. Indivi¬ 
dual detectors have to be tested and working 
characteristic studied. If the scattered parti¬ 
cles (reaction products) have to be identified 
then extra detectors have to be arranged and 
corresponding additional work of setting the 
detectors. The target sufficiently thin and 
uniform has to be obtained. To make then it 
may be necessary to have the assistance of a 
chemist and one who has developed skills in 
thin film technique. For charged particle work 
a high vacuum has to be continuously main¬ 
tained hence the assistance of a vacuum techni¬ 
cian, There is need to attend to the require¬ 
ment of liquid nitrogen to maintain certain 
detectors at that temperature and for obtaining 
high vacuum. The data taking in the experi¬ 
ment goes on for several days and nights, 
appropriate groups of scientists who understand 
the overall purpose of the experiment are essen¬ 
tial so that data is recorded in a uniform agreed 
format. Since microprocessors and computers 
are increasingly used it is comparatively easy 
but the expertise in this skill has to be acquired. 
Only after this, analysis and interpretation of 
the results come in. These are besides the 
requirements of running the machine, monito¬ 
ring the radiation Iqyel and continuously 
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monitoring the beam. Thus one can see how 
complicated the experiments have become, but 
at the same time the information obtained is 
also quite comprehensive. These developments 
in the methodology of the experiment itself has 
brought in greater understanding of the 
working of nature. The success of this culture, 
evolving at an accelerator is slowly spreading 
in other fields of activities. The adjustment 
in human relations required in this interdepen« 
dence will bring a better understanding in the 
society as a whole. 


OBITUARY 


ANIL KUMAR GANGULY 



With the passing away of Dr. Anil Kumar 
Ganguly, on 17. 1. 1988 India has lost an 
outstanding scientist of international repute. 
He was born on November 1st, 1918, at 
Faridpur, now in Bangladesh. After comple¬ 


However, as stated, the university depart* 
ments are a bit slow (cautious may be the 
appropriate word) in picking up the threeds of 
this new culture. But the goal oriented 
research will compel them eventually to accept 
it. Once the cocoon is broken it will not take 
too long for this culture to envelope the whole 
society. After all it is the duty of the Univer¬ 
sity to nurture, develop and advance the appro¬ 
priate concepts to the betterment of the 
society at large. □ 


ting his school education with distinction, he 
joined Calcutta University for his bachelors & 
master’s Degree in Chemistry, which he obtai¬ 
ned in 1938 and 1940 respectively. He worked 
as a lecturer in chemistry at the Scottish Church 
College and at the University of Calcutta till 
1951, during which period he also carried on 
research on the cation exchange in silicate 
minerals, related to soils and clays, obtaining 
his D.Sc. degree in 1949. Soon after, he joined 
the University of Notre Dame in the USA and 
worked with Prof. John Magee. Their joint 
paper produced the famous Ganguly-Magee 
Model. 

On his return to India, in 1956, he joined 
the AEE, Trombay, (now BARC) first as 
head of the Radiation Hazards Control Section, 
Health Physics Division and finally as Director 
of the Chemical Group. 

Although primarily concerned with radiation 
protection, he was seriously concerned with the 
safety of the population at large. His philosophy 
was that of “Zero discharge”. Very early, at 
a time when ecology was not a fashionable con¬ 
cern. Dr. Ganguly realised that numerous 
pollutants were vitiating the environment aero¬ 
bic, aquatic & terrestrial. This prompted him 
to under-take systematic environmental surveys 
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around major nuclear installations, water 
quality and sanitation control measurers, the 
role of humic acids in the environment, and the 
abatement of industrial pollutants. He worked 
on the application of radiation chemistry to 
solve industrial pollution problems. 

He is a recognised authority on problems 
of health and safety connected with nuclear 
power reactors & environmental problems. He 
has been invited on numerous occasions, by 
the International Atomic Energy Agency to 
visit several countries as advisor. He has 
championed the cause of clean and healthy 
environment at innumerable seminars and 
conferences organised at home and abroad. 

He retired officially from BARC in 1978. 
As a tribute to his long and outstanding services 
to the advancement of science, the Deptt. of 


Notesandnew^ 

First Tokamak in India 

On December 10, 1987, Dr. M. R. Sriniva- 
san. Chairman, Atomic Energy Commission 
and Secretary to the Government of India, 
Department of Atomic Energy, dedicated the 
tokamak to the nation in Calcutta at the 
Bidhan Nagar Campus of the Saha Institute of 
Nuclear Physics. Built at an approximate cost 
of Rs. 2 crores, the tokamak was fabricated 
by Toshiba Corporation of Japan on the basis 
of designs drawn up in consultation with the 
physicists and engineers of the Plasma Physics 
Group of the Institute. The special infrastruc¬ 
ture required for the machine installation at 
the site was prepared by the Institute. 

In the toroidal vacuum vessel of the 
tokamak, a very high temperature hydrogen 
plasma (similar to that in the sun) is generated 
and contained by employing strong magnetic 


Science & Technology appointed him National 
Fellow in Environmental Sciences to enable 
him to continue his work. He was awarded 
the Padmashri in 1974. 

If Dr. Ganguly the scientist was outstan¬ 
ding, Dr. Ganguly, the man, was unparalleled. 
He had a philosophical bent of mind He 
inspired affection and respect. His numerous 
friends, colleagues, students and well wishers 
expressed their affection & respect by bringing 
out a felicitation Volume, to honour him for 
his frontline work in the field of environmental 
sciences & radiation chemistry. He was a 
benevolent and kind friend and mentor, and was 
loved by all those who came in contact with 
him. □ 

C. Muthukrishnan 



Tokamak 


fields. For sustained thermonuclear reactions, 
from which energy can be extracted by fusion 
processes, required temperatures of the order 
of 10® degrees or higher. No material cont¬ 
ainer can exist at these temperatures. 
Tokamak is one of the convenient devices 
where the plasma can “be contained for suffici- 
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ently long time and studied with the help of 
various probes. The greatest set back in 
harnessing thermonuclear energy is our lack 
of knowledge of the properties of plasma at 
high temperature. There are several new 
phenomena which induce instabilities in the 
plasma which cool it to low temperature and 
are real hurdles in attaining self sustained 
reactions. The scientists all over the world 
are working to understand the different pheno¬ 
menon at these high temperature in the labora¬ 
tory. The concept of tokamak, discovered in 
Russia, was readily adopted for the laboratory 
study of plasma in various countries. It will 
lead to the future fusion reactors for harne¬ 
ssing energy by giving an opportunity to study 
the hot plasma in its nascent state. 

Saha Institute of Nuclear Physics started 
working in plasma physics, first by theoretical 
studies in late fifties and later probing plasma 
in the ion sources. These studies culminated 
in the febrication of ‘•fficient duo-plasmatron 
ion source for electrostatic accelerators. The 
interest generated and the group thus built up 
slowly moved its field of work to hot plasma, a 
subject in the forefronts of research. With the 
commissioning of the tokamak the young 
aspiring workers in the group have ample 
opportunities to work in this most challanging 
field of research. 

It may be mentioned here that the Institute 
of Plasma Physics, Gandhinagar, Gujarat is 
planning to set up a similar machine on a some¬ 
what larger scale. Compared to tokamaks in 
advanced countries those in ours are smaller 
but it will be possible to utilise them for 
meaningful investigations in the basic study of 
hot plasma. 

Teaching and training young people is in¬ 
built in the very existence of Saha Institute of 
Nuclear Physics. When the Institute was inau¬ 
gurated it was with the explicit purpose of train¬ 
ing post-M. Sc. students in the art of research 
in physics. Today many a successful Indian 


physicist owes his indebtedness to the Institute 
for initiating him through post-M.Sc. So it is 
but natural for the Institute to think in terms 
of starting a training programme in hot plasma, 
as thermonuclear reactions will be the basis of 
future energy sources. Thus the Institute has 
already started to look into the skills and tech¬ 
nology needed in the 20th century. □ 

B. B. Baliga 


Science Workshop and Exhibition for 
Rural Development 

A science workshop sponsored by the De¬ 
partment of Science and Technology under sci¬ 
ence and technology application for rural deve- 
lopment programme was organised by Saotia 
Milanee Sangha at Saotia, Midnapore from 
March 18-24, 1988. Fifty-three students of rural 
schools participated and nearly 24 resource per¬ 
sons from I.I.T., Kharagpur; Indian Astro¬ 
nomical Society, Calcutta ; Haldia Vijnan 
Parisad ; Gandhi Memorial Leprosy Founda¬ 
tion and others joined the workshop on different 
days. 

Sri K. Bhowmic, Minister, West Bengal 
Govt, inaugurated the workshop and a science 
exhibition with telescopes, microscopes, stalls 
from Fishery and Agriculture Department West 
Bengal; Post Harvesting Technology Centre, 
I.I.T., Kharagpur and others. Indian Astrono¬ 
mical Society ; Birla Museum and Science 
Museum Calcutta ; Information and Cultural 
Affairs Dept., West Bengal; Mass Media, Govt, 
of India ; USIS, Calcutta helped the organisers 
with telescopes, microscopes, slides, scientific 
films and video cassets. and public shows on 
scientific topics. Nearly 500 students and 2000 
people visited the exhibition and public shows 
every day. The workshop and the exhibition 
created a notable sensation in the remote rural 
areas, where it was held. □ 

S. B. K. M. 
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Letters I 
to the editor] 

On seed germination mechanism of Farsetia 
hamiltonii Royle in Indian arid ecosystem 

An angiospermic seed may appear simple 
externally but has a complex ecophysiology 
for its germination mechanism*. Seeds of 
many species exhibit some kind of inhibition 
for immediate germination, even when the 
environmental conditions are favourable for 
onset of the process. Dormancies of weed seeds 
and those of arid-zone plants are biologically 
significant in delaying germination until the 
environment is congenial for the development 
and establishment of seedlings. Dormancy in 
seeds can be caused by characteristics of seeds 
or by the prevailing environment. 

Dormancy, in general, helps the plants 
to bridge the unfavourable seasons and may 
be an extension of the system for stopping 
embryo growth during seed maturation. 
Amen® regarded seed dormancy as an adaptive 
mechanism of growth cessation which of ten 
confers upon some species as a selective advan¬ 
tage in distribution and abundance. In weeds, 
dormancy is often highly developed or it may 
be that certain plant species have become 
weeds because of the highly developed system 
of dormancy they have evolved®. A large 
number of growth regulators have been 
reported for breaking dormancy of seeds, 
enhancing their permeability, inducing and 
hastening their germination'*. The possible 
significance of gibberellic acid as a natural 
factor in germination has been indicated by 
the detection of gibberellin-like substances 
in a number of seeds®. In the present study, 
an attempt has been made to observe 


the seed germination strategies of Farsetia 
hamiltonii. It is the only member of Cruciferae 
which is found to exist in different edaphic 
conditions ranging from cultivated fields and 
sandy plains to sand dunes in the Indian 
desert. This is also a common weed in 
Kharif season and an important constituent of 
sand-dune vegetation. With the onset of 
monsoon, the plants appear in fields and 
quickly start flowering and fruiting by the 
end of post-monsoonal season. However, it 
almost disappears with the onslaught of arid 
conditions. 

The seeds collected in September 1986 
were stored in polythene containers. Seeds 
are yellowish-brown in colour with papery 
margin. They imbibed water in a very short 
time and became mucilaginous. Other seeds 
characteristics like seed weight, size, imbibition 
are given in Table 1. 

Germination studies were done in sterilized 
petridishes lined with a single layer of filter 
paper moistened with distilled water, each 
petridish contained 10 seeds and were triplicated. 
The seeds were given the soaking pre-treat¬ 
ment in 0, 5, 10, 25, 50 and 100 ppm of GA, 
lAA for 24 and 48 hr. The experiments were 
conducted in a growth room fitted with a 
light bank (1000 lux) at a temperature of 
28 ± 2°C. 

Fresh seeds did not germinate in control 
as well as in any light condition So it was 
presumed that either some inhibitory factors 
are responsible for the lack of germination or 
the embryo lacks the vigour to develop. Such 
assumption pointed by this study reflected the 
role of GA in removing endogenous inhi¬ 
bitor. 

There was no germination in any light 
condition. It is evident from Table 2 that 
GA enhanced the germination at higher con¬ 
centrations. The maximum germination occ¬ 
urred after 48 hr soajjting in 25 ppm. The 
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TABLE 1 ; Seed characters and imbibitioa (%) in F. hamiltonii 
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most important role of GA in germination 
is de novo synthesis of <-amylase which hydro¬ 
lyses starch reserves in the endosperm®. Pro- 
raotory effect of GA in many species was well 
documented by various workers^"®. During 
the present study also, GA pretreatment 
brought out maximum germination percen¬ 
tage. It can be concluded that Farsetia 
seeds possess some kind of growth inhibitors. 
Dormant seeds represent a most important 
biological adaptation in the arid-zone environ¬ 
ment. The membranous wing becomes muci¬ 
laginous when seeds were and moistened with 
water, an adaptive feature of seeds to retain 
the moisture'®. Farsetia plants can also be 
classified as drought-escaping ones as they 
complete their life-cycle during rainy season 
and almost dry up with the onset of arid 
conditions. Probably the above mentioned 
strategies are responsible for the large ecolo¬ 
gical amplitude of F. hamiltonii plants in 
Indian arid zone. 

The authors are grateful to the Head of 
the Department for facilities. Financial assi¬ 
stance received from DOEn is also gratefully 
acknowledged. 
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Comparison ofextracellularly pioduced 
enzymes of members of the family 
Gymnoascaccae 

The dermatophytic fungi produce certain 
diffusible substances in their process of coloni¬ 
zation to the superficial layers of skin. These 
diffusible products are, beyond doubt, the 
enzymes'. Numerous reports on assay of the 
enzymes produced indivtdually by these der¬ 
matophytes are available. But, only few-’® 
make a comparative study of the enzymes of 
these organisms. 

The paper describes the .screening of enzy¬ 
mes produced by three members of Gymno- 
ascaceae in a common basal medium. Tri¬ 
chophyton rubrum and Microsporum gypseum 
arc two known human pathogenic dermato¬ 
phytes and third one. Rollandina capitata is 
saprophytic. Being an opportunistic fungus, 
similarity in the profile of its enzyme produ¬ 
ction may identify its hidden pathogenicity. 

A strain of Rollandina capitata was obtai¬ 
ned from the American Type Culture Collec¬ 
tion. Rockville, Maryland, U.S.A. ; the strains 
of Trichophyton rubrum and Microsporum 
gypseum were isolated from patients at the 
School of Tropical Medicine, Calcutta, India. 
The organisms were grown on potato-dextrose- 
agar medium for 2 weeks at 30° ± 2°C. This 
resulted in heavy growth of the fungi with 
accumulation of spores at different clusters. 
The cultures at this stage were preserved at 
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4'’C and served as the source of primary 
inoculum. Transfer into fresh media was done 
routinely. 

Fungi were grown in the modified Sabour- 
aud’s broth^ for 10 days for assay of the 
enzymes. Dextrose in the Sabouraud’s broth 
was replaced by starch to avoid interference of 
reducible sugar (glucose) on the assay system®. 
As several carbohydrates and amino acids 
inhibit protease production”, a synthetic 
medium was selected for protease assay with 
the following constitution : casein powder, 
10 g; KH,PO,. 0.7 g; K,HPO,, 0.3 g ; 
Mg SO^, 7H._,0 ; 0.5 g and yeast extract, 1.0 g in 
a litre of distilled water, pH of the medium 
was adjusted to 6.0. 

Culture filtrates were separated from the 
mycelial mat by filtration. The filtrate was 
then centrifuged at 10,000 rpm for 20 min. in 
a cold centrifuge to get rid of mycelial debris. 
The supernatant was stored at — S^C and 
used for enzyme assay'. The enzymes assayed 
include oc-amylase, L-asparaginase, lipase, 
protease ribonuclease and urease. Amylase 
activity was determined by the method of 
Noelting and Bernfcld^. Asparaginase activity 
was obtained by estimating the amount of 
ammonia formed in the presence of the sub¬ 
strate asparagine. 

Lipase estimation was done by the method 
described by Bier^. Protease estimation was 
performed by the method of Anson®. Mac¬ 
Donald’s’® procedure was followed for ribo¬ 
nuclease assay. 

The Units of the enzyme amylase, were 
expressed in terms of saccharolytic Unit, was 
that amount of enzyme liberating 0.1 mg of 
maltose in 3 minutes. 

Asparaginase activity was expressed as /xg 
of ammonia liberated per ml of culture filtrate 
in 1 hour. The ammonia content of the 
reaction mixture was determined by indophenol 
method”. 


Lipase was assayed, after titrating with 
standard alkali; 1 ml equivalent of N/50 
NaOH solution was considered to be 10 lipase 
Units. 

1 Unit of proteolytic activity was consi¬ 
dered as the amount of enzyme which liberates 
1 /xmol equivalent of tyrosine under experi¬ 
mental conditions. 

In ribonuclease assay, colour development 
was done by orcinol reagent®. The activity 
of ribonuclease was expressed as ftg of RNA 
solubilised per ml of enzyme per minute. 

Urease was also assayed by the indophenol 
method of Kaplan’ ’. 

Three organisms showed their unique 
similarity in having no urease activity and a 
very little lipase activity (Table 1). R. capitata 
differed from two dermatophytes in possessing 
low lipase activity and very high «c-amylase 
activity. The dermatophytes completely lacked 
the extracellularly produced amylase. 

On the other hand, the organisms exhibited 
their proximity in the evolutionarly ladder in 
possessing asparaginase, lipase and ribonu- 
clcase activities (Table 1). 

Extracellular production of all the enzymes 
under present scrutiny were observed in T. 
rubrum and T. m 'ntagrophytes^^. However, 
some reports* ” were unable to demonstrate 
amylolytic activity in dermatophytes which 
has been confirmed in the present investigation. 
This might be due to the poor secretion of 
amylase in the medium as was reported for 
some keratinophilic fungi”. 

Further it was reported'*’’”’”'-®® that 
T. rubrum lacks the capacity to produce 
urease in glucose-peptone medium. The 
present finding supports the above observation. 
However, Tate® ’ could demonstrate the pre¬ 
sence of the enzyme in certain keratinophilic 
members of Gymnoascaceae. 

Very little lipse production by the 
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TABLE 1: Determination of extracellubr enzyme actirlttes of the members of the famOy Gymnoascaceae 
on the 11th day of their growth 


Medium 

Enzyme 

Substrate 

R. capitata 

Organisms 

T. rubrum 

Af, gypseum 

Starch (4%), Peptone (1%) 

•t-Amylase (Units) 

Starch (1%) 

63 

— 

— 

Modified Sabouraud's 
(Glucose-Peptone) 

Asparaginase 

(/tg/ml/hr) 

asparagine 
(0.01 M) 

84 

•54 

70 

Modified Sabouraud’s 
(Glucose-Peptone) 

Lipase (Units) 

Emulsified 
Olive oil 
(5 gm/100 ml) 

09 

17 

15 

Modified Sabouraud's 
(Glucose-Peptone) 

Ribonuclease 

(Aig/ml/Min) 

RNA (4 mg/ml) 

52 

18 

18 

Synthetic medium 
(Casein. KH.,PO,. K,HPO* 
MgSO^TH^O & Yeast Powder) 

Protease (Units) 

Casein (1%) 

32 

54 

59 

Modified Sabouraud's 
(Glucose-Peptone) 

Urease 

(Mg/ml/hr) 

Urea (3%) 





—, Indicates no enzyme production 


organisms in the present investigation could 
be due to frequent sub-culturing for the 
maintenance of fungi®®. 

Asparaginase secretion by all the three 
members of the family confirms the validity of 
placing them under Gymnoascaceae as was 
suggested by Nakahama et Identification 

of extracellularly produced protease and rib- 
onuclease from these organisms explains 
closeness in the same evolutionary ladder. 
These enzymes can presumably contribute to 
fungal colonization in different ecological 
niches. Difference in the lipase and amyalse 
secretion by R. capitata from the two derma¬ 
tophytes investigated might have been due to 
its saprophytic nature although reports of its 
isolation from clinical sources are also 
available®*. 
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Studies on the detection of Carboxylic acids 
by using tiiphenylmclhanes—Part I 

Diamine, triamine and phenol derivatives 
of triphenylmcthanes are known as synthetic 
dyes, which are used as staining reagents in 
bacteriology, as taxtile dyes and as an 
indicator in chemical analysis. Diamine and 


triamine derivatives of triphenylmcthanes 
are reported as colourless free base having 
carbinol structure Fig. 1(A). Also after loosing 
one water molecule free bases have showed 
Quinene structure, having light red colour‘. 
In either case, an acid will convert them 
to the salts with the original hue. As the 
solubility of these bases is good in fatty 
acids, the later are used as one of the 
important components in the dye formulations 
to be used as typewriter-ribbon dye, copying- 
paper dye, ballpoint pen inks, printing inks 
and Lacquers. It is reported^"® that N-subs- 
tituted auramine in free base form is a 
stable colourless compound which turns a 
deep colour when brought into contact with 
an acid like the carbinol of triphenyl- 
raethanes. This unique property is being 
used to develop colourless copy papers and 
thermo- or pressure-sensitive recording 
systems.As shown in Fig. 1(B), the chromo- 
phoric group of the quinonoid ring is 
reduced by hydrogen to result into leuco 
form®. 

For present work, to establish structural 
correlationship of carboxylic acids with the 
colour developed by leuco dyes. Basic 
Fuchsin (C.1.42500), Brilliant green (C.1.42040), 
Crystal Violet (C.1.42555) and Malachite 
green (C.I. 42000) were used. The saturated 
mono- and dibasic-acids, hydroxy- and keto- 
mono basic acids and unsaturated mono basic 
acids are used. All the dyes were of labora¬ 
tory grade and all the acids were used of 
Analytical grade. The leuco dyes prepared 
by the method reported elsewere^. Thus, 
250 mg of dye was dissolved in 100 ml warm 
triple distilled water. 1.5 ml of 2 N HCl 
soln was added and followed by addition 
to 2 gms of Na^S^Oj. The mix was shaken 
thoroughly for about a minute and left over¬ 
night in cool-dark place. To the resultant 
mixture added more HCl soln until the 
mixture when dried on a glass did not show 
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TABLE 



Basic Fuchsin (Pale Yellow) 
pH - 2.22 

(Grilliant Green 
pH = 


After mixing 

After 15 min 

After mixing 

* Saturated Monocar boxylic Acid : 

Acetic acid (Glacial) 

Pale Orange 

Deep Orange 

Colourless 

Propionic acid 

Orange 

Caremine red 

Colourless 

n-Butyric acid 

Orange 

Caremine red 

Colourless 

Iso-Butyric acid 

Orange 

Deep Orange 

Pale green 

n-valeric acid 

Pinkish orange 

Deep pink 

Blueish green 

Yellow 

Yellow 

Colourless 

Iso-valeric acid 

Orange 

Pink 

Light green 

Yellow 

Colourless 

Colourless 

^Saturated Dicarboxylic Acids : 

Oxalic acid 

Yellow 

Yellow 

Colourless 

Maionic acid 

Light orange 

Light orange 

Colourless 

Succinic acid 

Yellow 

Yellow 

Colourless 

Glutaric acid 

Yellow 

Yellow 

Colourless 

Adipic acid 

Yellow 

Yellow 

Colourless 

'''Unsaturated Monocarboxylic Acids : 

Acryiic acid 

Yellow 

Yellow 

Colourless 

Methacrylic acid 

Orange 

Deep pink 

Colourless 

Senecioic acid 

Pale yellow 

Light Orange 

Pale yellow 

*Keto Monocarboxylic Acid : 

Levulinic acid 

Light pink 

Deep pink 

Pale green 

’^Hydroxy Monocarboxylic Acid : 

Glycolic acid 

Colourless 

Caremine red 

Colourless 

DL-LactIc acid 

Light Orange 

Light pink 

Yellow 

L-Lactic acid 

Pale Orange 

Pink 

Pale yellow 

DL-2-Hydroxy butanoic acid 

Pink 

Caremine red 

Light green 

OL-3-Hydroxy butanoic acid 

Deep pink 

Caremine red 

Pale green 

4-Hydroxy butanoic acid 

Deep pink 

Caremine red 

Light green 
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1 . 


(Colourless) Crystal VIdel (Colourless) Mala chite Green (Pale Yellow) 

1.90 pH = 2.35 pH == 2.05 


After 15 min After mixing After 15 min After mixing After 15 min 


Pale Green 

Colourless 

Light blue 

Pale Yellow 

Pale Yellow 

Pale Green 

Colourless 

Violet 

Pale Yellow 

Light Green 

Light Green 

Blue 

Deep indigo blue 

Pale Yellow 

Light Green 

Green 

Deep violet 

Deep violet 

Light blue 

Light blue 

Deep green 

Blue 

Deep violet 

Blueish green 

Deep blueish green 

Odourless 

Colourless 

Colourless 

Colourless 

Colourless 

Deep green 

Blue 

Deep violet 

Pale green 

Blueish green 

Colourless 

Colourless 

Colourless 

Colourless 

Colourless 


Light green 

Colourless 

Colourless 

Pale Yellow 

Pale Yellow 

Light green 

Colourless 

Colourless 

Pale Yellow 

Pale Yellow 

Light green 

Co<''urless 

Light blue 

Pale Yellow 

Pale Yellow 

Light green 

Colourless 

Colourless 

Pale Yellow 

Pale Yellow 

Light green 

Colourless 

Colourless 

Pale Yellow 

Pale Yellow 


Light green 

Pale blue 

Purple 

Pale Yellow 

Light green 

Light green 

Pale violet 

Deep violet 

Pale Yellow 

Light green 

Light green 

Light Yellow 

Light Yellow 

Pale Yellow 

Light yellow 


Green Light yellow Light Yellow Pale Yellow Light green 


Light green 

Light green 

Greenish Yellow 

Colourless 

Colourless 

Yellow 

Light Yellow 

Green Yellow 

Pale Yellow 

Light green 

Colourless 

Light Yellow 

Light blue 

Pale Yellow 

Light green 

Green 

Light blue 

Deep violet 

Light green 

Green 

Colourless 

Light blue 

Deep indigo blue 

Light green 

Green 

Green 

Indigo blue 

Deep violet 

Green 

Green 
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Fig. 1 


dark colouration. It was filtered to collect 
colourless to pale straw coloured filtrate. 
The pH of the dye reagents was 1.9 to 2.4. 
The prepared reagents were remained active 
for few days through stored in brown coloured 
airtight stopper bottles. 

The prepared dye reagents were treated 
in small quantity with acids, either in liquid 
or solid state. The solid acids were not 
dissolved in organic solvents like methanol, 
acetone, chloroform, solvent ether, ate., as 
these solvents were interacting with dye 
reagents to develop dark colour. The develop¬ 
ment of colour was recorded in two stages ; 
vide ; (1) after mixing dye reagent and an 
acid and (2) after 15 min as in many cases colour 
development was observed after 10-15 min. 
Also, results are reported in some cases as 
upper layer and lower layer colour, because the 
acids were not miscible with the dye reagents. 
The dye reagent has formed either upper layer or 
lower layer depending on the density of 
acids. It is observed that the most of the 
dye-reagents have showed deep colouration 
other than the original hue when interacted 
with acids. It can be, therefore, concluded 
that these dye reagents are highly suitable 
for the chemical detection of carboxylic acids. 
On the basis of the results available (Table 1), 


it can be noted that it is very difficult to 
establish structural correlationship of the 
carboxylic acids and the colour developed by 
the dye reagents. 

The author wishes to record his deep 
sense of thanks to the General Manager 
(Research), Dr. M. H. Mehta and to the 
Supdt. (Process Research), Dr. M. A. Siddiqui 
for their keen interest in the work and provid¬ 
ing facilities to carry out experiment. 
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DHONA, after a long R & D process, has 
been able to offer Digital Balances with 
its Minute Accuracy by easieroperation ; 

SALIENT FEATURES ; 

Digital Readouts : are large and clear, 
parallel to eye level. No eye fatigue 
because of its non-reflecting glare free 
projections. 

Very fine gear operated Digital Counter 
Micro-meter permits reading to the last 
decimal. 

Die Casted Top : can be removed easily 
without touching any knob in order to 
work inside the upper chamber of the 
balance as and when necessary. 

Pan Brake : is fitted below the Pan for 
its perfect working. 

Pan & Chamber : Stainless Steel non¬ 
magnetic oversize pan and large weighing 
chamber are equipped with removable 
glass floor to facilitate working. 

Housing : Powder painted Aluminium 
Housing is introduced for betterment as 
it is acid and weather proof, 

[.evening Bobble ; is fitted just in front 
with a magnifier to look the enlarged 
bubble easily at the time of levelling the 
Balance. 

Weights : Highly polished non-magnetic 
Stainless Steel weights without any screw 
ensure long life of accuracy and perfec¬ 
tion. 

Parts : Best quality costly parts available 
and Die-casted in order to maintain the 
perfect working of the balance. 

For further details please contact : 
DHONA INSTRUMENTS PVT. LTD. 

8 , Bentinck Street, ‘Taher Mansion’ 
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Phone ; 28-3103 



Branches : 178/2378, Ganesh Pura ‘B’, Trinagar, Delhi-110 035. Phone : 72-10079 
184, Thambu Chetty Street, Madras-600 001. Phone: 24831 

Published and Printed by Santlmay Chatterjee. on behalf of the Indian Science News Association, 
92, Acharya P. C. Road, Calcutto-700 009 at B. G. ART PRINTERS if CALCUTTA-700 054^ 







SCIENCE 

CULTURE 



lodian^itneeNtwiAtioeittioii MARCH 1988 a VOLUME54 □ NUMBERS 



INSTRUCTIONS TO CONTRIBUTORS 


1. The Indian Science News Association and the Editors of Science and Culture assume 
no responsibility for statements and opinions advanced by the contributors to the journal. 

2. All manuscripts and correspondence should be addressed to the Editor of the journal. 
Manuscripts should be legible and typewritten on one side of the paper with double spacing 
on uniform sheets having ample margin. Articles should be written generally in non-technical 
language and should not ordinarily exceed 3000 words. Letters to the Editor should embodv 
matters arising out of original investigations or investigations on subjects of )opicaI interest. 
They should not exceed 800 words Contributors are requested to see that their manuscripts 
conform to the current practice of the journal. A carefully prepared manuscript avoids 
unnecessary delay in publication. Two copies of the manuscript complete in all respects should 
be submitted in each case. 

3. Illustrations—Diagrams should be drawn with Indian ink on Bristol board or similar 
drawing paper. The width of all illustrations reproduced in a single column is 7 cm. (or less) 
and those in full page i.e., double column is 14 cm (or less). The si/e of the illustraticns 
should be such as to permit reduction to about one-third. All letterings and thickness of the 
lines in the original should be proportionate in ratio to the reduction desired. Legends and 
captions should be typed on a separate sheet of paper. Photographs should be on glossy paper 
with strong contrast in black and white. 

4. Tables—Typed tables should be in separate pages and provided with title and their 
serial numbers. 

Authors are specially requested to reduce the number of tables, illustraticns and diagrams 
to a minimum. 

5. References— References should be carefully checked by the author before submission 
of the manuscript. Order of placement should be (a) name of the author (surname last), 
(b) name of the journal in abbreviated form according to the ‘World list of Scientific Periodi¬ 
cals" and underlined, (c) volume number underlined, (d) page number, and (c) year of publication. 

For citations of books the author’s name should be followed by the (a) title of the book, 
(b) year of publication or edition or both, (c) page number, (d) name of publishers, and 
(e) place of publication 

The following examples may be referred ; 

6. (i) R. B. Walton and H. B. Woodruff, F. Clin. Inst., 82. 924, 1949. 

(ii) W, C. Boyd, Fundamentals of Immunology, 1947, p. 123, (Interscience Publishers 
Inc., New York). 

Reprints—Due to enormous increase in the cost of paper and printing, the Association is 
unable to supply any free reprints to the Contributors of the “Letters to the Editor” column 
of ‘Science and Culture’. The cliarges for reprints are Rs. 50/- per page upto 100 copies and 
Rs. 10/- per page for subsequent 100 copies. Orders for reprints should be sent within 15 
days after receiving the intimation of acceptance of each letter/paper, failing which the 
publication of the same may be delayed. 


SCIENCE AND cllLTURE. MARCH, 1980 




mm Ml 


V 1 

l( J 


IIJI 

Il2| 

l^'l 

|(l| 




Tf^ 


ItJI 
11^1 
|b| 


|{]| 

|n| 

|ti| 


manumctureo by 


M 

It 


SCIENTIFIC INSTRUMENT MFC.CO. 

i. sastitala road, narkeldanga. calcutta.ii. 


iidl 


UUUUMUIHIUU UUttUM AA 




ROTARY 

VACUUM 

PUMPS 


ii 






eUARANTEEO 

ANALYTICAL 

REAGENT 

CHEMICALS 

conformtno to 
Internationally 
accepted 
specification* 


THE 'FINE FOUR' IN ‘BASYNTH’ RANGE 


OIL DIFFUSION 


measurmg 


tUNiA ruAf 
ML I ton 

ei 

PRESSUHf 


to mm to 
001 mm 
a I mm to 
0.001 mm 
ot Mercury 


wiiti BflMIe 


By-pass 
Valves etc 
(ntl.m»i«i Body) 

vacuum ; 

1 0-S mm Hs 
with Bssynih FlwW 
SPEED 
so Litre/Sec 
or more. 


100 % 

INDIAN 


m 


manufactured *V: 


BASIC A SYNTHETIC CHEMICALS PRIVATE LTD. 

M. CAST ROAO JAOAvPUn CAuCUT TA-SS. 


A3 


SCIENCE AND CULTURE, MARCH. 1988 












































TO OUR READERS 


Indian Science News 
Association 

President 

Prof. Purnendu Kumar Bose 

Vice-Presidents 

Prof. (Mrs.) Asima Chatterjee 
Prof. R. N. Chakravarti 
Dr. B. D. Nagcbaudhuri 
Prof. M. M. Chakraborty 
Dr. A. Sen 

Secretaries 

Prof. B. B. Baliga 
Prof, S. C. Datta 


Treasurer 
Prof. A. N. Daw 

Members 

Prof. S. N. Ghosh 
Dr. S. N, Chintalapudi 
Dr. D. B. Deb 
Dr. Jayanta Basu 
Prof. P. Nandi 
Prof. J. K. D. Verma 
Dr. N. K. Majumder 
Prof. Sunando Bose 
Shri S. K. Guha 
Prof, A. K. Medda 


Your appreciation of the journal makes us bold 
to suppose that some of your friends would also 
like to read SCIENCE & CULTURE, the premier 
scientific monthly of India devoted to the publi¬ 
cation of the progress in pure and applied sciences. 
The Indian Science News Association has been 
conducting the journal for ov^r 53 years with the 
editorial co-operation of eminent scientists of India 
with the object of promoting and diffusing know¬ 
ledge laying special strees on the progress of scienti¬ 
fic studies here and abroad, and advocating metho¬ 
dical application of science to problems of national 
regeneration. 

Editorial correspondence should be sent to the 
Editor, Science and Culture, 92, Acharya Prafulla 
Chandra Road, Calcutta ; 700 009. Manuscripts 
prepared in accordance with the Instruction to 
Contributors should be submitted in duplicate and 
will not be returned unless accompanied with 
return postage. 

Correspondence relating to subscription, 
advertisement and other matters should be 
addressed to the Secretary, Indian Science News 
Association, 92, Acharya Prafulla Chandra Road, 
Calcutta ; 700 009. 

Membership fee 

Life Member : Rs. 350.00 

Ordinary Member : Rs. 30.00 

Annual subscription 


Mr. N. C. Patnaik 

Dr. K. Devadasan Inland Rs. 75.00 

Dr. K. P. Sensarma Foreign £ 10.00 or U.S. $ 20.00 

Sri Basudev Burman 

Dr. Ashim Ganguly Single Copy (Inland) Rs. 7.50 

Dr. Bimalendu Mitra Single Copy (Foreign) $ 1.00 or £ 2.00 


SCIENCE AND CULTURE, MARCH, 1988 



SCIENCE 
& CULTURE 


March IPSS/Volume 54/Niunber 3 


A MONTHLY JOURNAL OF NATURAL & CULTURAL SCIENCES 


PUBLISHED BY THE 

INDIAN SCIENCE 
NEWS ASSOCIATION 


EDITORIAL BOARD 
Santimay Chatterjee D. Banerjea 
M. K. Oasgupta 
B. B. Baliga & S. C. Datta 


COLLABORATORS 

B. K. Bachhwat, R. K. Basu, Sadhan 
Basu, V. G, Bhide, B. B. Biswas, 
Sunirmal Chanda, G. C. Chatterjee, 
J. S. Chatterjee, S. P. Chatterjee, Mihir 
Chowdhury, J. Das, Tarak Mohan Das, 
A. S, Divatia, S. K. Ghaswala, S. N. 
Ghoshal, Khagen Haider, Balaram 
Majumder, Chanchal Majunider, S, 
Majumder, Ajit K. Medda, Sankar 
Mukherjee, A. V. Natarajan, R. P. 
Purkayastha, G.N.Ramchandran, C.N.R. 
Rao, C, R. Rao, R. N. Roy, Archana 
Sharma, S. P. Sen, A. R. Verma. 


FRONTIERS OF SCIENCE AND TECHNO- 
LOGY : THE INDIAN CONTEXT— 

C. N. R- Rao ... ... 65 

Environmental Pollution and Effects of Envi¬ 
ronmental Pollutants and Toxic Chemi¬ 
cals on Human Health, Behaviour and 
Mentation— D. Banerjea 70 

NOTES AND NEWS . 80 

LETTERS TO THE EDITOR ; 

Studies on the relationship between phenolo- 
gical events and energy units in wheat 
genotypes—/). S. Gill and A. K. Tiwari 84 
Comparative account of the clinical tests and 
amino-acid contents of the antigenic 
extracts of Putranjiva roxburghii Wall., 
Cocos nucifera L. and Trewia nudi- 
flora h.—Samiran Kundu, Sikha 
Manna and Sunirmal Chandra ... 85 
Scanning of early-sprouting variety of mul¬ 
berry—5. P. Devi and A. Aggarwal 87 
Population growth behaviour of Tylenchorhyn- 
chus mashhoodi and Criconemella 
ornata as influenced by wheat varie¬ 
ties—/)A/>en</ru Kumar Nayak and 
Sadasiv Ray ... ... 88 

Varietal response of paddy to storage condi¬ 
tions—y. P. Mohanty and A. M. Rath ... 90 
Additional vector of citrus tristeza virus— S. R. 

Sharma 91 

Nitrogen fixation by Klebsiella rubiacearum— 

R. Samanta and S. P. Sen . 92 

Effect of growth substances on fruit set and 

fruit retention in guava— S. K. Mitra, 

S. K- Dutta Roy, B. Biswas and 

B. Ghosh 94 

Effect of Cd'*'+ on amylase activity during 
germination of Arachis hypogea 
(Co I)— R. Srinivasan, K. Radhakrish- 
nan and V. N. Satakopan . 95 



Manufacturers of: 

LABS Brand Precision Micro, Analytical, Chemical & Physical Balances & Weight Boxes, 
Thermostatically Controlled Equipments & Petroleum & Seed Testing Equipments. 


SELLING AGENT IN INDIA 
For ‘DHONA* Single & Double Pan Analytical Balances. 

Dealers for 

‘Systronics’ Electronic Instruments ‘REMI’ Centrifuges 
Stirrens, ‘WEXWOX’ & ‘GETNER’ Microscopes 

& 

Microtoms. 



LABORATORY STORES 

8, BENTINCK STREET, Taher Mansion 
West Block, 2nd Floor, Calcutta-700 001, 

Phone : 28-3103 • Gram ; LABSALES 


Particulars of the Journal Science & Culture as per Form IV of the 
Registration of Newspapers (Central) Rules, 1956 

Place of Publication : Calcutta. Periodicity of Publication : Once a month. Printer’s 
and Publisher’s Name, Nationality, Address : Prof. Santimay Chatterjee, Indian, Indian 
Science News Association, 92, Acharya Prafulla Chandra Road, Calcutta 700 009. Editors’ 
Name, Nationality, Address; (1) Prof. S. C. Datta, Indian, Dept, of Botany. Calcutta 
University, Calcutta-700019 ; (2) Dr. B. B. Baliga, Indian, Saha Institute of Nuclear Physics, 
92, Acharya Prafulla Chandra Road, Calcutta-700 009; (3) Dr. Santimay Chatterjee, 
Indian, A-I, Punjanirh, 164/78, Lake Gardens, Calcutta-700 045 ; (4) Prof. D. Banerjea, 
Deptt. of Chemistry, Calcutta University, 92, Acharya Prafulla Chandra Road, Calcutta-700009 ; 
(5) Prof. M. K. Dasgupta, Deptt. of Radiophysics & Electronics, Calcutta University, 
92, Acharya Prafulla Chandra Road, Calcutta-700 009. Names and Address of individuals 
who own the newspapers and partners or shareholders holding more than one per cent of the 
total capital: Indian Science News Association, Calcutta. 

I, Prof. Santimay Chatterjee, hereby declare that the particulars given above are true 
to the best of ray knowledge and belief. 

31. 3. 88 Sd/- Santimay Chatterjee 

Publisher 

(On behalf of the Indian Science News Association) 


A6 


SCIENCE AND CULTURE. MARCH, 1988 



SCIENCE 
& CULTURE 

VOLUME 54 □ MARCH 1988 □ NO. 3 


FRONTIERS OF SCIENCE AND TECHNOLOGY; 
THE INDIAN CONTEXT 

C N. R. RAO 
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Issues in Higher Science Education 

T HERE is so much written about higher sd- 

^ ence education in the country that there is 
probably little new that one can add. Higher sci¬ 
ence education today presents a rather discour- 
aging picture. There are serious complaints at all 
levels about the lack of responsiveness in the sys¬ 
tem. Academic activities are at a low ebb. Sev¬ 
eral factors of a complex nature have contributed 
to the present condition. Some of the factors are 
related to processes and pressures in our society, 
and therefore, reflect the social features preva¬ 
lent in a particular region. However, thereare 
several aspects where planners, administrators 
and teachers can do much. 

We cannot consider the problems and 
challenges of higher science education without 
reference to the problems faced in school educa¬ 
tion. Inculcation of the scientific attitude in stu¬ 
dents is most essential in the early school years. 
It is also important that there is a proper voca¬ 
tional stream available at school level so that all 
students do not ru^ towards higher science and 
technical courses at college level. In spite of the 
various problems we are facing in science educa- 
tionitznustbeadmitted that many good students 
still come out of our sduxrf ^stem, and a good 
percentage of them do extremely well in scien¬ 


tific and technical professions. However, in a 
large majority of schools in the country, the 
quality of training and facilities are inadequate, 
and we have to bring them up to a reasonable 
level. 

The common problems associated with 
undergraduate science education are well 
known. Undergraduate education is concen¬ 
trated in colleges, many of which are under¬ 
equipped, overcrowded and poorly staffed. 
Laboratory and libraiy facilities are generally 
inadequate; proper text-books are not available. 
The level attained by a B.Sc. in India today is 
much inferior to that of a graduate in advanced 
countries. It is at the undergraduate level that 
there is a sudden gap in the quality of education. 
While there are some select centres where the 
quality of post-graduate science education is 
reasonable, similar undergraduate centres are 
not available for bright students who want to 
take up science. Undergraduate curricula are 
rigid even in the best of places. Combinations 
such as PCM and CBZ do not provide the neces¬ 
sary breadth or depth. The absence of flexibility 
has made it impossible for a good student to 
obtain sound, well-rounded training. For ex¬ 
ample, a physics student cannot study biology 
just as a biology student can never study mathe¬ 
matics or physics. We have to make flexible 
programmes available and ensure that all 



science students have adequate background in 
mathematics and biology. 

All those who take science courses at the 
undergraduate level are not necessarily going to 
be scientists. It is, therefore, important that we 
have at least two streams in science education— 
one of a general nature and another of a special¬ 
ised nature (for those who want to be scientists). 
The absence of such specialised training oppor¬ 
tunities is making our undergraduate science 
education not so meaningful. 

In another 15-20 years, undergraduate 
enrolment may get doubled. Gin we even dupli¬ 
cate the present facilities (however poor)? Selec¬ 
tivity is obviously important. We have to find 
ways of tapping the b^t talent in the country for 
science and provide the best possible training to 
talented students in selected institutions. Pres¬ 
ent efforts in this direction are inadequate. 

Many of the problems mentioned with 
respect to undergraduate science education also 
hold for post-graduate education. There are too 
many institutions offering post-graduate educa¬ 
tion in science. Most of them are under-equipped 
and poorly staffed. I see no point in prixiucing 
such a large number of M.Sc. graduates; the 
number of people trained at the Master's degree 
level should have some relation to national 
manpower requirements. 

University departments are expected to 
cany out research. Although some good work 
has come out of the universities, it would not be 
wrong to say that most university departments 
have poor facilities. They are also short of highly 
qualifled and motivated teachers. Nowadays, 
research support to individual scientists is quite 
satisfactory. Institutional infrastructure is gener¬ 
ally unsatisfactory. Shortage of student accom¬ 
modation and ameneties, poor electricity and 
water supply are common. Unless the universi¬ 
ties have sufficient strength to support higher 
education and research, the support we may give 
to individuals or departments would not yield 
nnaximiun benefit. It is important that universi¬ 
ties get more basic bread and butter funding. It 
should be possible to give a reasonable percent¬ 
age of research grants as overheads to universi- 

6 ^ 


ties, plan budgets allocated for science in the 
educational sector being too meagre for the pur¬ 
pose. 

Even in an advanced country like the 
United States, people are concerned about the 
decreasing quality of instruments and other fa¬ 
cilities even in the major universities in order to 
carry out advanced research in science and tech¬ 
nology. Scientists in Britain are worried about 
thecompetitive capacity of theiruniversities. We 
can imagine how serious our problems are. 

We can make a large number of recom¬ 
mendations, but there would be nothing new in 
many of them. Many such recommendations 
would cost enormous money and it would be un¬ 
realistic 1^ expect all of them to be accepted or 
executed. Some important action plans, how¬ 
ever, would not require much money, but would 
rather require our determination to improve the 
quality of education. I list some of them here at 
the cost of some repetition. Admission to the 
science specializationstream should bemadesdective; 
students in the special stream in undergraduate edu¬ 
cation must get the bestpo^ble science education. A 
few model undergraduate science institutions should 
be supported in each state to attract students for 
science just as lITs and Regional Engineering col¬ 
leges have been attracting students for enginming 
education. The facilities and capabilities for certain 
established major institutions (such as USc, ITTs, 
TIFR) should be used to start a few model program¬ 
mes. Universities should not be made responsible to 
conduct undergraduate examinations. Separate ex¬ 
amination boards of groups of colleges should conduct 
these examinations. Text-books in alt subjects (at 
school and undergraduate levels) should be made 
available to students. (j}lleges must have several 
copies of text-books in the reserve sections of libraries. 
Computer facilities and formal training programmes 
in computing must be made available in each major 
town or city, if not in each school or collie, so that 
youngsters can get adequate training. Design and 
fabrication of instruments for teaching and research 
have to be promoted in a major fashion. Individuak 
and departments involved in instrumentation activ¬ 
ity sfmld get special support and'recognition. 
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In view of the exploding frontiers of 
knowledge, better ways of training and re-train¬ 
ing science teachers will have to be explored. 
Ways have to be found for attracting better scien¬ 
tists and engineers to the teaching and research 
profession. Support to select departments under 
the different programmes of the University 
Grant Commission should be enhanced. It 
would be desirable to support research units of 
outstanding individual workers on a long-term 
basis. 

Manpower Training 

We have a great shortage of manpower 
in many specific sectors of advanced science and 
technology in the country. This is even true of ex¬ 
perimental physics, let ^one areas such as com¬ 
puter science, turbomachinery, robotics and 
other branches of engineering. At the same time, 
we have a large number of unemployed or 
underemployed graduates (and even Ph.D's). 
This mismatch in ma:.power training has to be 
tackled in order that we become competent in 
science and technology in the next decade. The 
highly trained manpower required by the year 
20(K) AD has to produced now. We should not 
forget that the training we impart to students is 
extremely important because the young gradu¬ 
ates of today are going to be the senior managers 
in the next 15 years or so. We in the Universities, 
therefore, have a major responsibility. 

Because of the absence of highly skilled 
manpower in crucial areas of science and tech¬ 
nology, we should seriously consider deputing a 
reasonable number of young scientists abroad 
for short periods (of a year or less) for training in 
well-defined areas in properly chosen institu¬ 
tions. We should give them a guarantee that 
when they return after training, they mil have a 
suitable job with professional challenges. 

Role of Scientists 

Where are we with respect to the fron¬ 
tiers of science and technology? Have we done 
well? Are we world leaders in some areas? 
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Common people ask why we do not have many 
peaks of excellence in spite of the high invest¬ 
ment in science and technology in the last few 
decades. It is true that we have very few peaks of 
excellence both in terms of men and in terms of 
institutions. This is not because of insufficient 
funds and facilities alone. It is at least partly be¬ 
cause of the rather depressing atmosphere that 
we scientists have created for ourselves while 
doing science. We easily compromise to medioc¬ 
rity like in other aspects of life —and mediocrity 
breeds mediocrity. Tolerance of mediocrity is 
the biggest killer of good science. 

It is true that even when we do good sci¬ 
ence, it is extremely difficult today to be known 
for any contribution in science, especially from a 
country like India. There seems to be an inbuilt 
prejudice against the work coming from coun¬ 
tries like India. However, we cannot accept such 
a situation and stop trying to do the very best. We 
have to keep fighting the situation until this 
country and the scientists here find a place in the 
sun. We have a few scientists who, in spite of the 
problems in India, have struggled and fought the 
situation and have been noticed in the world; the 
number of such scientists may be small. Weoften 
talk of poor facilities, infrastructure etc., but they 
alone cannot be responsible for the status of 
science since even in theoretical areas we have 
not done as well as we should have. We have had 
only one Ranmnujan. I believe therefore that we 
have to look into some basic causes responsible 
for this state of affairs. This can mainly be traced 
to ourselves, namely, the scientific community. 
Only we scientist and engineers can usher in 
excellence in science and technology. 

Those of us who are in the latter half of 
our careers have the responsibility to see that the 
future is secure for science. We have to encour¬ 
age the right-minded young people and moti¬ 
vate them properly. We should see that they get 
the right facilities and encouragement. I am 
convinced that it is not merely salaries that attract 
young people to science, importunities to do 
good science and a proper working atmosphere 
are equally important. I do not think that I would 
be completely wrong if I say that we senior 
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scientists have not done enough to see that the 
atmosphere is truly conducive for scientific 
work. We cannot just blame the government for 
all Uls. When some of us talk discouragingly 
about science (and scientists) and we ourselves 
are most of the time depressed, I do not think that 
young people will get enthused to take up scien¬ 
tific professions. It is much better for them and 
more lucrative to sell soap than take the hard 
path of science. In addition to providing the right 
atmosphere, senior scientists have also to set an 
example in not compromising to mediocrity in 
everything they do. 

Role of Teachers 

Many of us scientists are also teachers. 
In my own career, I have throughly enjoyed 
teaching undergraduate and post-graduate stu¬ 
dents. I do not know if I have really tought 
something to my students, but I know that with¬ 
out them I would have not found my research 
purposeful. Young people around us not ordy 
keep us young and thinking, but also contribute 
new ideas and hard work. I have no doubt that 
the young Indian talent has contributed in a 
signihcant way to advanced scientific research in 
many parts of the world. 

A teacher's influence on his students 
lasts for a lifetime. The influence is not limited to 
scientific activities, but encompasses many as¬ 
pects of life. This is important since excellence of 
a person manifests itself not merely in scientific 
research. 

What remains in the student's memory 
and in his character is the stamp of personality of 
the teacher rather than the repertoir of knowl¬ 
edge. We generally assume that a teacher must 
be a master of some subject. While that is an 
essential quality, it is not the criterion that has 
been responsible for the lasting influence of 
many a great teacher on their students. I would 
like to quote from a talk given by Lord Ashby: 

"The chief quality that distinguishes a 
teacher is a determination and the skill to 
build bridges between the two generations. 


to establish a lively communication with the 
young. The commitment of a teacher is not 
solely to transmit knowledge; it is to transmit 
a tradition of scholarship, an attitude to 
pheneomena, a particular style of integrity." 

The fruit of learning, after all, is not a 
book but a man. I strongly believe that this 
message has much to do with many of the issues 
that we are concerned about. 


Role of the Science Congress 


The Science Congress itself has a major 
role to play in the scientific life of the country. It 
is one occasion when a large number of citizens 
interested in science gather together. We have to 
make use of this tremendous possibility to trans¬ 
form not only Indian science but also our society. 
We have to use the Science Congress to inculcate 
scientific temper in our society. The Science 
Congress would also provide an appropriate 
forum to ii\form the public of the various devel¬ 
opment in science and technology. Students, 
teachers and citizens should attend Science 
Congress sessions to listen to lectures given by 
authorities in simple terms. In addi tion, it is also 
the time to discuss with young people and teach¬ 
ers regarding communication in science. Tuto¬ 
rial symposia, therefore, would be of great im¬ 
portance. The Science Congress should also be a 
place where voluntary science organizations 
meet annually and chalk out their programmes, 
share their experiences and plan for the future. 

It is my personal belief that it is only 
through voluntary movements that inculcation 
of scientific temper, promotion of literacy as well 
as health and welfare measures will become suc¬ 
cessful. Government at the centre and in the 
states can only do so much, but I do not think that 
by just investing money in sectors such as educa¬ 
tion and health, we will get the desired results; 
the community has to gather itself and partici¬ 
pate in people's movemeiits in these essential 
areas. 
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Role of Government 


Agony and Ecstasy 


There is much for the Government to do 
in promoting the frontiers of science and technol¬ 
ogy. Thevariousgovernment agencies will have 
to take proper measures for supporting excel¬ 
lence and for adequately supporting the broad 
base required for carrying out research and de¬ 
velopment. We cannot have simple egalitarian 
principles applied to promote science. Funding 
in a routine manner is counter-productive. Sci¬ 
ence funding should not be governed by the 
whims and fancies of individuals or of govern¬ 
ment departments but should be based on a 
national policy. Something like a National Sci¬ 
ence and Engineering Foundation should proba¬ 
bly be established in the country to examine how 
best we can fund scientific research. 

The govermnent has to elimii\ate, or at 
least minimize the tremendous bureaucracy in 
educational and research institutions. The opH 
pressi ve bureauaacy in our institutions has been 
particularly frightening and has chased away 
many a good scientist from the path of science. 
True autonomy (especially in financial matters) 
has to be granted to our scientific and educa¬ 
tional institutions. 

In 1989, we celebrate Pandit ji's birth cen¬ 
tenary. It would be in the fitness of things if all 
the govenunent departments, agencies and 
ministries dealing with science, technology and 
industry as well as our scientific and educatioruil 
mstitutions (including our national laboratories) 
were to come out with carefully prepared per¬ 
spective plans (for a 15 or 20 years period) which 
review their accomplishments, present status 
aiui future plans. The plans have to be prepared 
based on intensive discus^ons among all the 
working scientists in the organization. This 
exercise would also be useful toour 8th Five Year 
Plan. Furthermore, it would be the best tribute 
we can pay to Panditji. 


It is my belief that in fundamental ^- 
ence, the choice of a research problem mainly 
determines the quality of research. This is be¬ 
cause, if one has a good idea, it is al wa)rs possible 
tofindwaysoftestingit. In fundamental science, 
one has to pick the right problem to be noticed. In 
applied science, we have to pick problems that 
yield most benefit. 

The difference between first-rate and 
sea)nd-rate research is often very small, and a 
li ttle more effort can transform second-rate work 
into first-rate work. However, many of us often 
prefer to do repetitive work for various reasons 
rather than do something novel or new. Even 
under these difficult conditions, those who have 
pursued with determination and doggedness 
have succeeded in producing work of quality. 
Many people ask, how is it that scientists in India 
cannot nudee a chance discovery wnich is great? 
Unfortunately, even to make a chance discovery, 
one has to be on the right path. We cannot make 
a great discovery by chance, if we are not already 
pursuing, something important and significant. 

Because we decide to compromise, 
many of us lose the confidence to pur. ue some¬ 
thing difficult or of value to society. V ‘become 
afraid of scrutiny and evaluation. Lacx of confi¬ 
dence amongst senior scientists affects the atti¬ 
tudes of young p>eople. The senior scientists have 
to lead the way by means of what we practise. 
We have to develop a better value system and 
improve communication amongst ourselves. 

We cannot possibly forget that in this 
country we have had many great scientists of de¬ 
termination and courage who accomplished a 
great deal in science. We cannot think of better 
examples of men of science than Ramanujan, 
Raman and S. N. Bose. Raman was sure that he 
would win a Nobel Prize when he discovered the 
Raman Effect and, in fact, there is reason to 
believe that he was sure of it even much earlier. 
Raman published independent research papers 
when he was still an undergraduate student 
in Madras. S.N. Bose, shortly after his post- 
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graduate studies, had the courage to send his re¬ 
search results to none other than Einstein for re¬ 
view. This example of courage of conviction is 
something that we have to emulate; it needed tre¬ 
mendous confidence to feel that the work he had 
done deserved the highest recognition. Einstein 
being what he was, recognised the genius of Bose 
rightway. 

Much earlier to this, Ramanujan did 
something similar. Working as a clerk in a port 
trust, with no one to help and without a college 
education, Ramanujan felt that he had discov¬ 
ered something new working on "Orders of In¬ 
finity" and sent the result to Prof. Hardy at Cam¬ 
bridge. This led to a new era in Mathematics. 

We have to do something to recognise 
talent at the right time, to nurture it and to protect 
people with talent. Man of talent are often sub¬ 
jected to considerable hardship and harassment. 
It appears as though that to get result that are 
worthwhile, we have to toil beyond the call of 
duty. 

I cannot possibly brush aside the agony 
one goes through while doing science in India, 
especially experimental science in educational 
institutions. It is extremely difficult to carry out 
experiments which are worthwhile. It is much 
more difficult to do experiments that catch the 


imagination of the rest of the world. This re¬ 
quires enormous effort but it is essential if we ex¬ 
perimental scientists have to make mark in the 
world. There is no other joy that 1 know of that is 
more overwhelming than the joy of a successful 
experiment plarmed by oneself. In this land of 
Karma, toil and sweat seem to be essential; even 
with toil and sweat, result are not assured, but 
without them nothing seems possible. We often 
have to struggle hard for little things and work 
against all odds, even without water and electric¬ 
ity. I realise that toiling hard in science may not 
be the best way to make money or earn a living, 
but I know no better way to live. One may ask 
whether I would recommend to young people to 
take up science as a profession. Yes, unhesitat¬ 
ingly 1 would. I believe that the thrill that I have 
experienced in doing science is worth sharing. 
The agony of doing science and the ecstasy when 
one accomplishes are both experiences that are 
worth cherishing. 

Science has a simple faith which 
transcends utility. All men of science and proba¬ 
bly men of learning have such a faith. The faith 
is that it is the priviledge of man to understand 
and that is his mission. Knowledge for the sake 
of understanding is the essence of our being. 
None can define its limits or set it's ultimate 
boundaries. □ 


ENVIRONMENTAL POLLUTION AND EFFECTS OF 
ENVIRONMENTAL POLLUTANTS AND TOXIC CHEMICALS ON 
HUMAN HEALTH, BEHAVIOUR AND MENTATION 

D. BANERJEA* 


E NVIRONMENTAL pollution is a state of the 
environment deleterious to life. The earth's 
surface (lithosphere and hydrosphere) and the 
atmosphere (troposphere and stratosphere) are 
of greatest concern in this respect. According to 
a recent report prepared by the Centre for Science 
and Environment, New Delhi, India is heading 
for ecological disaster; although with proper 
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management of the environment this country 
has the capacity to feed three times the present 
population, effective concern is still lacking. The 
government is showing little will to control the 
use of dangerous pesticides and enforcing 
proper pollution contro l measures even in the 
Sir Rashbehary Ghose Professor of Chemistry, Cal¬ 
cutta University, Science College, Calcutta-70d()09 
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large public sector projects. At present about 
100,000 tons of pesticides are us^ annually in 
India and at least 70% of these are banned or their 
use severely restricted in the western countries of 
the world. A recent study report indicated that 
air and Damodar river water at Durgapur are 
heavily polluted. Huge quantities of fly ash 
(ca. 300 tons), ammonia, sulphur dioxide, silica 
dust, arsenic oxide, etc. are discharged into the 
atmosphere daily by the Durgapur Projects 
Limited (DPL) and other allied industries. The 
Durgapur Chemicals Limited (DCL) is presently 
releasing over 100 times the permissible amount 
of mercury into the Damondar river and as yet it 
has no effluent treatment arrangement. Study 


conducted by the CMDA in 1984 indicated that 
the total amount of pollutants (carbon monoxide, 
nitrogen oxides, hydrocarbons, sulphur dioxide 
and particulates) daily discharged into the at¬ 
mosphere in the city of Calcutta is ca. 1300 tons 
(see Table 1). 


TABLE 1: Daily dischajge (average) of different atmos¬ 
pheric pollutants at Calcutta (1984) 


Species 

Amount, Tons 

% of Total 

CO 

450 

34.5 

SO, 

123 

9.4 

NO + NO, 

72 

5.5 

Hydrocarbons 

100 

7.7 

Particulates 

560 

42.9 


TABLE 2: Classification of gaseous air pollutants 


Type of 

Pollutants 



compounds 

Primary 

Secondary 

Sources of the primary pollutants 

Sulphur 

compounds 

H,S,SO, 

SO,, 11,SO, 

Combustion of sulphur containing fuels, bac¬ 
terial de-composition of organic matter (pro 
duces mainly H,S), volcanic activity, metal 
lurgical operations, oil refining. 

Nitrogen 

compounds 

NH,, NO 

NO,, HNO, 

Ow 

Chemical reaction between N, and 0, in a 
high temperature combustion process pro¬ 
duces NO. Some NO is also produced by 
bacterial action on organic matter and by 
natural electric discharge during lightening. 
NHjfrom bacterial decompositiun of organic 
matter and also from synthetic ammonia 
plants of fertilizer industry. 

Carbon 

compounds 

(i) C, - C, aliphatic 
hydrocarbons, and 
aromatic polycyclic 
hydrocarbons 

Aldehydes, 
ketones, adds, 
peroxy 

compounds, O," 

Combustion of carbonaceous fuels, petro¬ 
leum refining, use of solvents, coal tar. Bac¬ 
terial decay of organic matter produces Qi,. 


(ii) CO, CO, 

None 

Combustion of carbonaceous fucls,also natu¬ 
ral photochemical oxidation of natural 
CH,. 

Halogen 

compounds 

(i) HF,HCI 

(ii) (Zhlorofluoro- 
carbons 

None 

Oxides of 
chlorine 

Metallurgical operations, manufacturing 
processes. 

Refrigerants, aerosol sprays, etc. 


Oj is produced in the trophosphere by photochemical processes involving Oj with NO, organic 
compounds, etc. as catalysts and hence is present in "smog" (see page 73). Stratospheric O, is, however, 
beneHcial and is product photochemically by the action of UV radiation on Oj (page 72) 
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The long term effects of such pollutants 
on human health and the ecosystem in general 
are much more serious than that of a disaster of 
the Bhopal type. Prinutive living conditions add 
to the problem; cowdung smoke and wood 
smoke inhaled while cooking is considered as the 
world's worst pollution problem. 

Most pollutants are chemical species 
which result primarily from human activity; 
chemistry also has a major role in the control and 
abatement of environmental pollution. In nature 
photochemical processes convert some primary 
pollutants to more harmful secondary pollutants 
(See Table 2). 

Some of the pollutants have natural 
sources, but many are anthropogenic, while 
some belong to both categories! see Table 3). 


TABLE 3: Global emission (1965) of NO^ and NH,, in 
million tons 



Natural 

Anthropogenic 

NO + NO, 

450- 

48“ 

NH, 

5350 

3.8 


^^^Expressed as NO^ 


All the synthetic insecticides and pesti¬ 
cides are anthropogenic. CO is primarily anthro¬ 
pogenic, but small quantities are produced by 
the oxidation of natural CH^ (from bacterial de¬ 
composition of organic matter) by photochemi- 
cally generated OH radical; 

Oj -^20; Hp + O-> 20H 

CO is then formed in a series of complex reactions 
between CH^ and OH. 

Table 4 gives an indication of the concen¬ 
tration levels of different pollutants in clean and 
polluted air. 

Some essential constituents of the natu¬ 
ral environment are deleterious under certain 
conditions such as concentration level, i.e. below 
a certain limit these are practically harmless. 
Stratospheric ozone O, (ca. 10 ppm) protects life 
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TABLE 4: Concentration of pollutants in air 


Species 

Concentration 

Clean air 

Polluted air 

CO, 

300-330 ppm 

350-750 ppm 

CO 

< 1 ppm 

5 - 200 ppm 

so, 

0.001-0.01 ppm 

0.02-2 ppm 

NO, 

0.001-0.01 ppm 

0.01-0.5 ppm 

03 

<0.05 ppm 

>0.05-0.5 ppm 

Hydrocarbons 1 ppm 

1-20 ppm 

Benzopyrene 

<0.005 ppm 

>0.005-0.05 ppm 

Pb 

0.002 ppm 

^.008-0.04 ppm 

Particulate 



matter 

10-20 pg/m^ 

70-700 pg/m* 


on earth from the dangerous solar UV radiation 

(X^ 2900A) by absorbing the same: 2 O,-^ 30,. 
But its presence in the lower troposphere is very 

detcrimental to life. The concentration of O, in 
non-polluted tropospheric air is < 0.05 ppm. In 
the stratosphere O, is generated from O, by a 
complex photochemical process initiated by so¬ 
lar UV radiation in the 2400-3000 A wavelength 
region, and its concentration is maximum at an 
altitude of ca. 20 km from earth's surface. 

O,-^ >2 0, 

0,+0- > 0,+ energy 

The net process 3 O -> 2 O, is ve^ endothermic 
to the extent of 142 kj per mole of (J, produced. O, 

itself absorbs UV radiation of X = 2000-3600 A 
which leads to a reversal of the above process 
leading to decomposition of ozone, and thus a 
steady state concentration is established. The net 
result of all these is the absorption and conver¬ 
sion to heat of considerable solar UV radiation 
that would otherwise strike the earth's surface. 
Significant depletion of stratoshpcric ozone is of 
grave concern as this could have serious effects 
such as increased surface temperature of earth, 
high incidence of skin cancer due to effect of UV 
radiation, etc. Ozone is destroyed by chemical 
reactions initiated by oxides of nitro^n and 
chlorofluoro carbons such as freons widely used 
as foam blowing agents, aerosol propellants and 
refrigerants; some NO is produced in all high 
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temperature combustion processes and is there¬ 
fore present in the exhaust gases of rockets and 
engines of jet planes. The supersonic jet planes 
flying at high altitude discharge significant 
amounts of NO in the upper atmosphere. NO 
acts as a catalyst to destroy O,: 

NO + O, —^ N0, + 0, 

NO, NO + O 

Photochemical reac¬ 
tion by sun light 

N0, + 0-> NO + O, 

N0, + 0,->N0,+ 0, 

NO, _NO + O, 

Similarly, chlorofluorocarbons such as freons 
also destroy O, catalytically due to photochemi- 
cally generated Cl atom: 

CFCl,-CFC1,+ C1 

CF,a,—CF,C1 + Cl 
o.+ci-T-— >0,+C10 

O;-20 

cio + o->a + o. 


perature is kept controlled. It is estimated that in 
the absence of CO, and water vapour in the at¬ 
mosphere there would have been a variation of 
earth's surface temperature from ca. 8(PC in day 
time to ca. -140®C at night. A higher concentra¬ 
tion of carbon dioxide in the air can be beneficial 
to many plants. Experiments conducted with to¬ 
matoes, lettuce, etc. grown in an artificial atmos¬ 
phere having 2000 ppm CO, showed increased 
yield, both in size and weight (over 115% in¬ 
crease in dry weight) and better quality (more 
vitamins, sugars and other nutrients). But a high 
concentration of CO, in air will cause an adverse 
rise of atmospheric temperature and that of the 
earth's surface which would upset ecological 
balance. In the 100 year period between 1880 to 
1980 there was an increase of 45 ppm in the 
atmospheric CO, which caused an average in¬ 
crease of global temperature by ca. 0.4®C. 

Oxides of nitrogen (NO^) and oxides of 
sulphur (SO,) and particulates are responsible 
for the two well-known types of smog. The 
chemical reactions involved in the two types of 
smog formation are outlined below: 


It is estimated that the rate of chlorofluorocarbon 
release in the atmosphere prevailing in 1977 if 
remained uncontrolled could reduce the Ojlayer 
significantly by the year 2(X)0. 

Atmospheric carbon dioxide (ca. 3(X) 
ppm in clean air) controls the terrestrial tempera¬ 
ture by its greenhouse effect. The sun is like a 
"black body" at a temperature of ca. 60(X)°C and 
radiation from the sun covers a wavelength 
range of 2,(XX) - 20,0(X) A with ca. 40% being in the 
visible (4000 - 7000 A) region. Only about 50% of 
solar radiation (mostly visible and infrared) 
penetrates through the atmosphere to reach the 
earth's surface. Earth reradiates the absorved 
energy, but being at a much lower temperature 
the radiation from the earth's surface is mostly in 
the infrared region with a peak around(1.0-15) 
xlO^A wavelength. This is effectively absorbed 
by the water vapour and particularly by the CO, 
present in air and the energy so ab^rbed is 
radiated back to earth. This is the well-known 
greenhouse effect by which earth's surface tem- 
V0L.54,N0.3 


N,+ 0, 


High temperature 
combustion process 


>2 NO 


Some NO is also formed by bacterial action on 
nitrogen compounds present in soil. 

2NO + O,->2NO, 

NO,-^_>NO-fO 

0 + 0, +M—>0, + M* 

M is a third body which takes up the energy (107 
kj mol ') liberated in the reaction of O, with O 
atom forming O,; the M is thereby raised to an 
excited (energiz^) state denoted by M*. 

O,— - -» 0, + 0 + Q 

Q is the energy which is liberated in the process. 

O, + NO—>N0,+0,; NO,-^NO + O 
RCH,+ 0->RCO 

(Hydrocarbon) 
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formed to HNO, as follows: 


RCO + O, 
RCO3 + RCH,- 

RCO, + NO¬ 
RCO,+O3-- 
O, - 
Hp + 0 — 
RCO, + OH 

RCO, + NO,- 


->RCO, 

-->RCHOandR,CO 
(Aldehydes) (Ketones) 

-> RCO, + NO, 

-> RCO, + 0, 

_ 20 

-> 20H 

-> RCO3H 

(Peroxy acid) 

->RCO,NO, 

(Pcroxyacyl nitrate, PAN) 


The mixture of NO, NO,, aldehydes (particularly 
acrolein, CH,=CHCHO) ketones, peroxy com¬ 
pounds including PAN causes the brownish 
coloured irritating and injurious NO__type smog. 

SO, produced in burning of coal (which 
always contains sulphur) is responsible for SO, 
type smog: 

O--> 20 

Dissociation of a O, molecule requires high en¬ 
ergy (498 kj mol ') and this can be provided by 
UV solar radiation of X <24(X) A. 


S0, + 0-—> SO, 

2SO 4-0._> 2SO 

33 catalyst + sunUghr 


SO, + H,0 


H,SO, 


This H,SO, is carried by suspended particles in 
the air forming a mist which together with free 
SO, forms the SO^ type smog. Both SO, and 
are injurious. Smog (SO, type) caused 
death of over 4000 people in London in 1952 and 
many more became seriously ill with diseases of 
the lungs and the respiratory tract. NO,and SO, 
are also responsible for 'acid rain'. Normal pH 
of rain water is ca. 5.6. In many parts of the world, 
particularly in highly industrialized countries, 
acid rain (pH <; 4), is very common due to HNO, 
and H,SO^ in the rain water. These acids are 
produced from SO, and NO which, as stated 
earlier, have their origin in combustion proc¬ 
esses. How SO, is converted to SO, and then 
H,SO^ has been discussed above. NO is trans¬ 


2N0 + 0,-2N0, 

NO, + OH-> HNO, 

Photochemical generation of OH has been dis¬ 
cussed earlier. Apart from its damaging effect on 
matallic and stone structures, acid rain is the 
cause of low pH of the water of many lakes. 
Acidity of natural waters causes ready dissolu¬ 
tion of harmful mercury, lead and aluminium 
into water causing injury to aquatic life particu¬ 
larly fish; the low pH (even ca. 2 in some cases), 
is also detrimental for fish to survive. Many 
natural lakes are now devoid of fish due to such 
low pH (acidity) of the lake waters. Carbon 
monoxide, CO, is another air pollutant of grave 
concern the effects of which arc discussed later. 

Some pollutants are essential at very low 
concentrations, e.g. chloride, fluoride, iodide, 
zinc and many other essential trace metals (cop¬ 
per, chromium, vanadium, etc.). Ippm of fluo¬ 
ride in drinking water reduces considerably the 
incidence of dental caries. Iodized salt is used to 
reduce incidence of goiter. Foods deficiant in Zn, 
Cr,etc. lead to deficiencies of those essential trace 
metals in man which is deleterious to health and 
such cases will be referred to later. Synthetic 
inorganic fertilizers have bad effects too. The 
phosphates make the essential trace metals (Mn, 
Fe, Cu, Zn, Mo) less readily taken in from the soil 
by plants due to their conversion to very isoluble 
phosphates. Both nitrates and phosphates 
leached out from fields into rivers and lakes lead 
to 'algal bloom' and may ultimately lead to eutro¬ 
phication. 

Many of the well-known insecticides 
and pesticides are mutagenic poisons and find 
their way into the body of higher animals and 
man through the usual food chain. One such 
compound is DDT which was hailed as a miracle 
in 1940's for controlling malaria, typhus and 
sleeping sickness. By 1950's many insects had 
developed resistance to DDT and teing not bio¬ 
degradable DDT was found concentrated in liv¬ 
ing beings through food chain. In lakes and 
ponds where DDT wSs sprayed, small amounts 
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of DDT were stored in the body fat of micro 
organisms and from there in larger organism and 
fish, and then into the body fat of larger animals, 
and alarming concentrations of DDT have been 
detected in many cases. Predatory birds and 
animals at the top of the food chain have large 
DDT concentration and this high DDT level 
contributed to the decline of such species as 
hawks, eagles, falcons and brown pelicancs. 
Hence, DDT and other chlorinated hydrocar¬ 
bons have been banned from wide spread use in 
all the developed countries. DDT is also stored in 
human body fat and has been detected in human 
breast milk. 

A recent (1984) study conducted in dif¬ 
ferent parts of India has indicated that 50% of 
vegetable samples collected from markets are 
heavily contaminated with pesticides. Potatoes 
from Maharashtra contained 4.2 ppm DDT and 
1.4ppm dieldrin against tolerance limits of 1.0 
and 0.1 ppm respectively. Pesticides were found 
much higher than tolerance limits allowed by 
W.H.O. and F.A.O. in samples of fruits, vege¬ 
tables and milk from Bombay. 

Another study conducted by I IT, 
Kanpur in 1984 indicated that an average 
Indian's diet contains ca. 0.27 mg DDT. Substan¬ 
tial amounts of pesticides have also been de¬ 
tected in samples of milk, vegetables, oils and 
eggs collected from Delhi, Pune, Lucknow and 
Bangalore. F. A.O. in world survey showed that 
more than 364 species have become resistant to 
pesticide chemicals. 

DDT had not been shown to be toxic to 
man in doses upto those received by factory 
workers involved in its manufacture but its 
structure is such that it is not readily broken 
down(metabolized) by animals and fish. The 
biological half-life of DDT is 8 years. Hence, if 
DDT enters into animal body at a steady rate the 
DDT builds upto a high level. For many animals 
this is not a problem but for same species of birds 
of prey such as eagles and ospreys, which feed on 
animals and fish, the consequences are dissa- 
trous. The DDT in fish enters the bird's body 
where it concentrates. The bird attempts to 
metabolize the large amount of DDT by an al tera- 
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tion of normal metabolism pattern which in¬ 
volves the use of agents which regulate the cal¬ 
cium metabolism of the bird as is vital to enable 
the bird to lay eggs with strong shells. When 
these agents are directed to their new use to 
tackle the cxcessiveconcentration of DDT thecal- 
cium metabolism is hampered seriously and the 



Fig. 1. (a) DDT; (b) Dicldnn; (c) Heplachlor; 
(d) Chlordan; (c) Parathion 

birds lay eggs with fragile shells and as a result 
their survival rate decreases very drastically. In¬ 
fact, this has led to almost complete extinction of 
eagles and ospreys in various regions of the 
globe. Organic chloro compounds such as dield¬ 
rin and heptachlor are similar resistant pesti¬ 
cides. Chlordan though similar in structure to 
heptachlor (see Fig.l) is bio-degradable and re¬ 
search is on to make many such bio-degradable 
insecticides and pesticides. 

There are many insecticides which are 
more toxic to man than DDT. These include some 
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compoundyof arsenic and phosphorus. A vari¬ 
ety of phosphorus derivatives like 


r/\x 


are in wide use, where Z *0, S, R, R' = C,H,, 
C,H,0, CjH^, NHj, etc. and X is a group which 
can be easily split from the phosphorus atom. 

Paratl^on (see Fig.l) telongs to this 
group and is effective against a large number of 
insects but is also very poisonous to human 
beings. One of the most important properties of 
such compounds is that these are readily hydro¬ 
lyzed to less toxic substances which are not resid¬ 
ual poisons. These are therefore better than the 
long lived DDT and such other insecticides. 

Complete banning of the use of insecti¬ 
cides and pesticides is no solution since agricul¬ 
tural products could drop precipitously if this is 
done. An enlarged human population requires 
that crops be protected against the ever present 
threat of destructionby insects. Furthermore, the 
use of insecticides is essential if we are to control 
malaria, plague and such other diseases. It must 
be recognised that a single insect species, the 
tsetse fly, alone has retarded the development of 
over 4,()00,(XX) sq. miles of Africa by means of the 
diseases which it transmits to men and cattle. A 
refusal to use insecticides means that man must 
tolerate malaria, plague, sleeping sickness, etc. 
and consumption of a large part of his food 
supply by insects. 

Burning of coal, wood and fuel oil in 
crude burners causes discharge of significant 
quantities of polycyclic hydrocarbons like diben¬ 
zanthracene, methylcholanthrene and particu¬ 
larly benzo(a) pyrene (see Fig. 2) into the atmos¬ 
phere; these are carcenogenic. Many of the food 
colouring agents such as metanil yellow and 
tartrazin (see Fig. 2) used till recently (now 
banned in the West but are still in sue in India and 
other developing countries) are also carceno¬ 
genic. Use of mercury preparations like mcrcu- 
rochrome (see Fig. 2) (an antiseptic) is banned in 
the West and is still in use in India. 

Our greatest concern for pollution is its 
effect on human health which may be transmit- 
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Rg. 2: (a) Dibeazanihrecene (b) Methyl cholanthrene 

(c) Benzo(a )pyrene (d) Metanil yellow 

(e) Tamazin (0 Mercurochiome 


ted through generations. The pollutants are 
primarily metabolic and neurotoxic poisons. For 
many of these such as lead, significant effect is 
observed even at 1/1(XX) of the threshold lethal 
dose (LD,). 

^haviour is the output from brain func¬ 
tion due to complex chemical processes initiated 
by input from physical senses. Certain chemicals 
effect functioning of brain and the central nerv¬ 
ous system (CNS) causing change in behaviour 
pattern. Chemicals of concern are heavy metals 
(Hg, Cd, Pb, etc.), ethanol, nicotine, and drugs 
like tranquilizers, sedatives, oral contraceptives 
(birth control pills), etc.; exposure to these is 
voluntary in many cases and involuntaiy in case 
of others. 

Mercury: This is extremely harmful, 
even a concentration of 0.03 ppm in drinking 
water is not pennissible. "Klercury enters natural 
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waters through industrial discharge where by 
bacterial action it is converted into the stable and 
soluble methyl-mercury, Hg{Ch,)*, which is 
taken up by fish and through food chain enters 
higher animals and man. Most of the fish today 
have a mercury concentra tion of 0.02-0.2 ppm 
which is considered 'normal'; in polluted water it 
may be >1 ppm. Consumption of such fish is 
hazardous (cf. minamata disease, Japan). Mer¬ 
cury deactivates sulphur containing enzymes, 
affects brain cells and theccntral nervous system. 
Symptoms of mercury poisoning are physical 
and emotional disturbance, self-consciousness, 
timidity, embarrassment with insufficient rea¬ 
son, anxiety, indecision, lack of concentration, 
depression or despondency, resentment of criti¬ 
cism, irritability or excitability—a complete 
change of p>ersonality (cf. The Mad Hatter in 
"Alice in Wonderland" story). 

Lead : Lead paints in common use was 
the principal source of lead (Pb) poisoning ear¬ 
lier, but presently lead tetraethyl Pb (Et)^, used as 
an anti-knock in gaschne is the principal source. 
There is good correlation between blood Pb lev¬ 
els and exposure to Pb in ambient air. Safe limit 
of lead in air is ~10 jig/m^ In big cities during 
peak hours (high traffic) upto 50 Hg/m’ or even 
more has been detected. The lead compounds 
carried into the air settle in fields and through 
food and drinks enter human body. Many food 
stuff have lead content of 100-300 jig/kg. In the 
USA daily intake of lead in man is estimated ca. 
1.7 mg; excretory mechanism in a healthy man 
can tackle upto ca. 2 mg/day. Excess accumu¬ 
lates in the body and has a cumulative effect. 
Lead deactivates/destroys sulphur containing 
proteins and enzymes, causes damage to DNA, 
RNA, brain and (TNS functions. Lead also inhib¬ 
its several stops in the forma tion of haemoglobin. 
Use of leaded gasoline is now restricted and 
many other means of improving fuel quality 
have been proposed in the developed countries. 
Symptoms of lead poisoning are restlessness, 
talkativeness, illusions, mania, over-anxiety, 
aggression, sucidial tendencies and symptoms of 
schizophrenia (cf. drunkards and lunatics). Like 
mercury metallic lead is also absorbed through 
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the skin and causes poisoning. School children 
(in UK and USA) having higher lead content in 
teeth have significantly lower IQ. Cadmium also 
has effect similar to those of lead and both seri¬ 
ously affect release of neurotransmitters which 
are vital for transmission of nerve impulses. 
Enzymic conversion of ATP to ADP releasing 
energy needed for life process is significantly 
inhibited by lead. Of all environmental neuro¬ 
toxins lead is most serious and widespread in its 
subtle and insidious impact on man. Even at low 
levels it causes increased tension, anger, depres¬ 
sion and impaired memory. 

Nicotine: Main source is tabacco smoke. 
For nicotine lethal dose is fairly low (LD,(„ = 4.3 
mg/kg body weight). Even at lower concentra¬ 
tion it affects brain function. Smoking produces 
adverse effect on learning and memory; hostility 
and aggressiveness which are decreas^ initially 
are increased after cessation of smoking. Smok¬ 
ers also inhale ca. 200-400 ppm carbon monoxide 
(CO) with every puff and in a heavy smoker 5- 
15% of haemoglobin (Hb) is converted into car- 
boxy haemoglobin, Hb.CO. Oxygen transporta¬ 
tion is thus hampered affecting brain and nerv¬ 
ous function. The binding of CO to Hb is ca. 500 
times stronger than that of O,. Air contains ca. 0.1 
ppm CO; during rush hour traffic in big cities this 
increases to even ca. 100 ppm due to incomplete 
combusation of fuels forming CO. For 8 hr. 
breathing 10 ppm CO is the maximum limit, 4 hr. 
breathing in air having 300 ppm of CO-Causes un¬ 
consciousness due to 35% Hb being converted 
into Hb. CO, while 4 hr. breathing in air having 
750 ppm CO causes death due to 60% Hb being 
converted into Hb. CO. In all the developed 
countries the au tomobile engines are suilably de¬ 
signed such that with a proper control of fuel: air 
ratio the generation of CO is reduced, as also of 
unbumt hydrocarbons and carbon particles. 
Their exhaust systems arc also fitted with suit¬ 
able catalytic converters which eliminate un¬ 
burnt hydrocarbons by their oxidation to COj + 
HjO, CO by its oxidation to CO^ and NO by its 
reduction to N,. Despite generation of CO in 
combustion processes and photochemical oxi¬ 
dation of natural CH, Hoc. cit .) (the ambient 
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concentration of CH, in the atmosphere is 1.5 
ppm) its concentration is maintained at a steady 
value mainly due to its oxidation to CO^by pho* 
tochemically produced OH radical: 

CO + OH -- > CO,+ H; H+OH- Up 

Because of appreciable solubility of CO in water 
oceans have large quantities of dissolved CO and 
this CO in solution also gets slowly oxidized to 

COj. 

While talking about pollutants it is also 
worthwhile considering the bad effects on hu¬ 
man health of various drugs to which exposure 
may be voluntary or involuntary (i.e. when these 
arc used as medicines of necessity). Tranquilliz¬ 
ers, sedatives, anti-depressants and neuroleptic 
agents are mostly medically prescribc'd. All 
these produce benevolvent short-term altera¬ 
tions in behaviour through chemical effects on 
the central nervous system. However, many of 
these pose a hazard to the foetus if taken in 
pregnancy. Prolonged use of some tranquillizers 
can lead to addiction with serious behavioural 
symptoms on withdrawal. Some anti-depres¬ 
sants can produce adverse effects on the moral 
sense— lack of a wareness of emotions of others, 
self-centered behaviour, etc. 

Teratogens are substances which cause 
physical/physiological deformities in the devel¬ 
oping embroyo and foetus. Thalidomide is the 
best know example. Others are X-rays, sul¬ 
fonamides, excess vitaminA, mercury, lead, cad¬ 
mium, ethanol (alcohol), deficiencies of B vita¬ 
mins and of zinc and chromium; at least 30 such 
different agents are now recognised. For many 
teratogens low level exposure during pregnancy 
may give birth to a baby which appears normal 
but serious defects in intelligence, personality 
and behavioural control appear in later life. 

Ethanol is a behavioural teratogen and 
reference to its foetotoxicity is found in the Holy 
Bible. But modern medical profession recogni¬ 
sed this in the mid 1970-s only. Its effect on the 
neonate can be mild (c.g. low birth weight) to 
severe (c.g. heart damage, death) and certainly 
include mental defects and disorders of bchavi- 
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oural control in later life. Aslittleasone alcoholic 
drink every three days during pregnancy can in¬ 
crease the risk of miscarriage. Effects are en¬ 
hanced by smoking, by lead, and by zinc defi¬ 
ciency. Ethanol also increases urinary excretion 
of zinc. Mental disorders due to severe alcohol¬ 
ism can be successfully abated by administration 
of zinc sulphate with food. Cigarette smoking 
during pregnancy is reported lb correlate signifi¬ 
cantly with educational under-achievement as 
also behavioural and psychological deficiencies 
in the offspring. Anaesthetics, tranquillizers, 
anti-depressants, sedatives and several other 
drugs must be used with caution during preg¬ 
nancy to avoid injury to the developing foetus 
and physical and mental disorders in the off¬ 
spring. 

Exposure to teratogens even before con¬ 
ception has adverse effc*cts on offspring due to 
malformation of sperms, and/or chromosomal 
abnormalities and/or abnormalities of seminal 
fluid. There is known correlation between male 
sub-fertility and low semen zinc. The femal 
ovum is, however, better protected from envi¬ 
ronmental toxins, but femal sexual behaviour is 
affected adversely. Disorders may therefore 
result prior to conception from action of behavi¬ 
oural genotoxins on sperm, between conception 
and birth by the action of behavioural teratogens 
and after birth by exposure to behavioural tox¬ 
ins. 

Zinc is a constituent of may enzymes in¬ 
volved in the metabolism of DNA and RNA. 
About 20 zinc dependent DNA and RNA polym¬ 
erases are known and zinc is also required to 
stabilise the structure of these genetic molecules. 
Hence nutritional zinc deficiency, now quite 
common (in UK and other countries) and zinc 
antagonists such as cadmium and lead, can dis¬ 
turb genetic expression at the most fundamental 
molecular level. When this involves those genes 
which control development of the physical brain, 
and remains uncorrccted by genetic repair proc¬ 
ess, it can be expected to hinder the expression of 
a future individual's true mental potential. 
Those account for the gpnotoxicity of lead and 
adverse genetic effects of zinc deficiency. Some 
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types of schizophrenia appear to be associated 
with raised levels of copper in conjunction with 
low levels of zinc and /or manganese. Correction 
of these imbalances has been reported to bring 
clinical improvement. 

Calcium, magnesium and manganese 
arc of great ncurochcmical importance. Calcium 
has vital role in nerve function including neuro- 
transmitter release. Symptoms of hypocalcemia 
are identical with those of anxiety neurosis. An¬ 
tagonism between lead and calcium is one of the 
most notable features of lead toxicology and 
appears to be involved in some of the neuro 
behavioural effects of lead. Antipsychosis activ¬ 
ity of lithium depends partly on its ability to 
stimulate calcium metalx)lism and reduce uri¬ 
nary loss of calcium. Lithium salts proved very 
successful in abating the violent propensities of 
criminals without any undesirable side-effects 
on behaviour and intelligence, but lead works in 
the opposite direction. Evidences have been 
adduced that environmental neurotoxins like 
lead are a significant factor in promoting crimi¬ 
nal behaviour. 

Hyperactivity is a ncurochcmical dys¬ 
function which results from various causes in¬ 
cluding effects of some chemicals such as tar- 
trazine (food colourant), benzoate (preserva¬ 
tive), pre-natal alcoholism in the mother, and 
lead. Hyperactivity can be effectively abated by 
pcnicillamin, a chelating agent which promotes 


urinary excretion of stored lead: 
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Australian and Canadian workers have 
reported markedly elevated lead burdens in chil¬ 
dren who are delinquent and anti-social, and 
also in violent criminals respectively. Apart 
from lead, zinc, cadmium and chromium also 
appear worthy of such studies. Reports from 
USA indicate that anti-social behaviour among 
prison inmates can be significantly abated by 
careful dietary control to prevent deficiencies in 
micro-nutrients like zinc, copper, chromium, va¬ 
nadium, etc. 

Hypoglycacmia is common among vio¬ 
lent offenders in USA; their behavioural control 
improves by correction of low chromium level 
by administration of ca. 200 ng chromium per 
day. Maniac patients have high vanadium level, 
control of vanadium metabolism improves the 
condition. Anorexia Nervosa is now known to be 
due to severe zinc deficiency and is corrected by 
administration of zinc sulphate (60 - 660 mg/ 
day). Most of our inability to treat and cure 
mental and behavioural diseases is due to our 
failure to recognise so far the chenaical imbal¬ 
ances which are primarily responsible for such 
disorders. Much more systematic studies are 
needed in this area. lUl 
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Notes and news 


On Studies of Comet Halley 

The Solar system is made up of nine 
large planets and a host of small bodies known as 
satellites, asteriods, comets and meteors of every 
size and shape. 

Small bodies played an important part 
in the evolution of this Solar system. Close on 4 
billion-years ago they were much more numer¬ 
ous than now. Some of them collided, forming 
embryonic planets which over the next 100 mil¬ 
lion years captured the bulk of primary matter 
and became large planets. 

What small bodies remained are the rel¬ 
ics of a violent and mysteriou s phase in the life of 
the Solar system —its formation. The study of 
these small bodies, particularly meteors which 
are unique specimens of cosnuc matter, makes an 
important part of planetary cosmogony. 

Cosmonautics and space technology 
offer a unique chance for studying small bodies 
directly. A major step in this direction was made 
when man launched five inter-planetary un- 
nunned probes (two Soviet Vegas, West Euro¬ 
pean Giotto, and Japanese Suisei and Sakigake) 
to study Halle/s comet. The Japanese probes 
that passed a great distance from the comet could 
survey only the outermost part of the coma and 
the tail. The principal task of the Vegas and 
Giotto probes was to study the nucleous. 

Vegas began photographing the comet 
from a distance of 14 million kilometres. On the 
fly-by leg of the journey they filmed the comet 
from the opposite sides. Interpretation of the 
photo materials was far from ea^: the picture 
was obscured by dust jets spinning away from 
the comet. Nonetheless, the analysts who were 
able to specify the size the shape of the nucleus, 
its general structure and reflection ability, estab¬ 
lished that the nucleus is an irregular monolithic 
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body with the dimensions of 8 x 816 kilometres. 

The period of rotation with its axis lo¬ 
cated within a cone whose radius at the opening 
is plus-minus 45 degrees from the normal to the 
orbit's plane, is 53 plus-nunus three hours. The 
rotation is clockwise, as seen from the northern 
poleof the ecliptic (i.e., coincident with thedirec- 
tion of orbital movement.). TKe reflection ability 
is very low —about four per cent. The nucleus of 
Hall/s (X)met is one of the blackest bodies in the 
Solar system. 

Dust ejection occurs only on the daylight 
side of the nucleus. In some areas, ejections take 
the shape of jets spinning away from the nucleus. 
There is a one-kilometer-thick shell around the 
comet body, inside which outflowing gas accel¬ 
erates dust particles to velocities of up to several 
hundred meters per second. 

Photographs taken by Vegas show curi¬ 
ously-shaped features resembling circular cra¬ 
ters. Information procured by Giotto confirms 
the existence of ring-shaped craters in the vicin¬ 
ity of the terminator where the dust layer is the 
lowest and illumination the brightest. 

On the basis of information obtained by 
Vega One's infrared spectrometers specialists es¬ 
tablished the temperature on the surface at 380 
plus-minus 30 degree Kelvin—almost twice the 
expected temperature. The high temperature is 
explained by the presence of a black layer of 
porous snow, a phenomenon not unlike the 
heaps of snow in urban streets in spring. Compu¬ 
tations show that the layer is apparently very 
high—a few millimeters and even less. The 
existence of this layer does not surprise research¬ 
ers who are well aware that the comet's ice is 
stuffed with the particles of refractory materials 
which stick to the surface as frozen gases evapo¬ 
rate. 

The above temperature value of 380 de¬ 
grees Kelvin is associated with the hottest sector 
of the comet—in the equator zone on the daytime 
side of the comet. It is aj^roximately one degree 
removed from the mid-day point on account of 
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thermal inertia in tlie surface layer. The night¬ 
time side of the comet is much colder, with the 
temperature not higher than 180 to 200 degrees 
Kelvin. 

Anlaysis of ejected gas and dust compo¬ 
sition yielded very interesting information about 
the comet's matter which is largely carbon diox- 
ideand water steam mixed in ratio of 1:5. Appar¬ 
ently they make part of the nucleus in the form of 
the clathrate (a type of solid molecular com¬ 
pound in which one component is trapped in 
cavities of cage-like crystals of another compo¬ 
nent). 

Very interesting information about cos¬ 
mic particles was yielded by dust-shock mass- 
spectrometers installed aboard Vega probes. 
Having analysed about 2,000 dust particles they 
established that some are made up largely of 
light elements and others of carbon and metals. 

Their spectrums enabled Lev Mukhin, 
Doctor of Physics and Mathematics, of the Insti¬ 
tute of Space Research of the USSR Academy of 
Sciences, to argue that the carbon-silicon ratio in 
carbon-rich particles is much higher than in a me- 
tcorite of any type and that nitrogen is always 
present in particles with a high carbon-silicon 
ratio. This is possible only if carbon and nitrogen 
are present in organic molecules. On that ground 
he insists that the comet's nucleus contains 
complex organic molecules. 

It has been calculated that in the vicinity 
of perigee the comet rapidly loses matter at a rate 
of about 40 tons per second. A simple arithmetic 
with the mass of the comet and the rate with 
which it loses matter gives us an approximate 
date of birth of the comet. Halley's comet is abou t 
20,000 years old. It could be older assuming that 
the activity of the comet diminishes with every 
Sun pass. 

The models of Halley's comet developed 
prior to the latest space venture, meaning the 
flight of five robots to the comet, showed it as a 
cluster of loose boulders, or an irregular mono¬ 
lithic body made up of frozen volatile substances 
mixed with meteorite materials, or a body made 
up of refractory silicates and metals inside a shell 
of frozen gases, or a snow mountain made up of 
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snow flakes with a complex inter-stellar struc¬ 
ture. 

In a dispute over the comet's nucleus 
and, therefore, the origin of comets, scientists 
have split into two groups, each advancing its 
own hyp^hesis. 

According to the first version, comet 
nuclei were born inside a gas-and-dust nebula 
that surrounded the young sun 4.5 billion years 
ago just before the planet formation process 
began. They emerged at a distance of 10 to 30 
astronomical units (a unit of length used in as¬ 
tronomy equal to the mean radius of the earth's 
orbit), in the zone where temperature was rela¬ 
tively low, and were scattered by the gravita¬ 
tional fields of the just formed giant planets. 
Some of them were thrown into the internal 
regions of the Solar system and rapidly disinte¬ 
grated. Others "retreated" to the outskirts of the 
system and formed the so-called Oort's belt. 

According to the second hypothesis 
comet nuclei were born inside the dense clouds 
of inter-stellar matter. Its advocates insist that 
the clouds, rather than the primary protoplane¬ 
tary nebula, supply small bodies for Oort's belt. 

Only direct studies of the isotope com¬ 
position of cosmic matter could solve this dis¬ 
pute. The only means to do so is to obtain a 
sample of this matter. But the speed of Halley's 
comet retrograde motion was too high for the 
probes which could not approach its nucleus. 
Meanwhile, the major! ty of comets a re character¬ 
ised by direct motion. Someof them are available 
for direct contact. An expedition of that category 
could be organised by the end of this or the 
beginning of the next century. Scientists are 
considering such a possibility. Q 

Vasily Moroz 


ISPP—International Conference of the Plant 
Physiologists of the SAARC Countries 

A four-day international conference or¬ 
ganised jointly by Indian Society for Plant Physi¬ 
ology and Gorakhpur University, Gorakhpur 
was held in the Department of Botany of the 
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University during December 20-23,1987. The 
theme of the conference was "On the role of plant 
physiology and biotechnology in aop produc¬ 
tivity". The deliberations were categorised in 
four parts: 

(I) Invited lectures, (II) Paper presentations, 

(III) Young scientists'paper presentations and 

(IV) Poster presentations. 

Part-II included five technical sessions, 
namely (i) Carbon metabolism, (ii) Nitrogen me¬ 
tabolism, (iii) Stress physiology, (iv) Physiology 
of Plant growth, development and yield and (v) 
Mineral nutrition. 

The conference was inaugurated by V. 
Puri, Professor Emeritus, Meerut University, 
Meerut. In all, 100 research papers, including 
poster presentations, were submitted by dele¬ 
gates from SAARC countries representing vari¬ 
ous educational and research institutions. 

In his presidential address, S. N. Mathur 
of Botany Department, Gorakhpur University, 
Gorakhpur mentioned the aim of instituting the 
South-Asian Association for Regional Co¬ 
operation (SAARC) and pointed out that the 
people of the region constituting one-fifth of the 
world's total population are the poorest and 
suffer from many natural calamities such as 
floods, drought, etc. year after year. Mathur, 
therefore, emphasised that the plant physiolo¬ 
gists of these countries should work hand in 
hand to solve problems of agriculture related to 
the crop productivity with a view to ameliorat¬ 
ing the living conditions and standard of the 
people. To attain the goal, an association of plant 
physiologists of SAARC countries was formed 
during the conference. Mathur was elected its 
first president. Two vice-presidents were Q. A. 
Fatah of Bangladesh and D. N. Bajracharya of 
Nepal, while D. N. Tyagi of (BHU) India was 
elected to be its general secretary. The executive 
committee included one representative from 
each of the SAARC countries. 

The Society for Plant Physiology also an¬ 
nounced the award of medals to various scien¬ 
tists for their outstanding contributions in the 
field of plant physiology. The J. J. Chinoy medal 
for 1983 was awarded to B. K. Gaur of Bombay, 
82 


for 1984 to K. S. Murty of Cuttack and for 1985 to 
M. M. R. K. Afridi of Aligarh and S. N. Mathur of 
Gorakhpur. The A A AS medal for 1984 was given 
away to Venkateshrlu of Hyderabad and for 1985 
to R. M. Pandey of Bangalore. The various 
medals for 1986 and 1987 were also declared by 
the Society. The J. J. Chinoy medal for 1986 was 
conferred upon O. K. Garg of Varanasi and the 
AAAS medal for 1987, upon R S. Dwivedi of 
Lucknow. On the other hand, the AAAS medal 
for junior scientists for 1987 was awarded to Ra- 
jendra Sharma of Ludhiana. The recipients of the 
R. D. Asana medal for plant physiologists below 
35 years of age were K. P. Singh of Himachal 
Pradesh for 1986 and Shamim Akhtar Ansari of 
Aligarh for 1987. 

Among invited lectures, P. Tauro of De¬ 
partment of Microbiology, HAU, Hissar re¬ 
viewed the status of knowledge pertaining to 
biological nitrogen fixation in tropical and sub¬ 
tropical countries. He pointed out that a large 
area of Indian arable land does not contain 
adequate population of effective rhizobial 
strains which consequently diminishes soil fer¬ 
tility. Therefore, Tauro advocated to isolate and 
multiply effective rhizobial strains from natural 
population and utilise them for seed inoculum. 
According to him, inoculation with effective 
rhizobia may reduce our dependence upon 
costly synthetic nitrogenous fertilisers. Randhir 
Singh of Department of Chemistry and Biochem¬ 
istry of the same university elucidated the trans¬ 
port of symbiotically fixed dinitrogen in legume- 
rhizobium system. The molecular nitrogen, after 
being converted into ammonia by nitrogenase 
present in the bacteroids of legume root nodules, 
is excreted into host-cell cytoplasm where 
ammonia is incorporated into some organic 
compounds. They act as a vehicle to transport 
the fixed nitrogen and are of two types, i.e. am¬ 
ides and ureides. The former is a source of 
transport in temperate legumes and the latter in 
tropical legumes. The mode of synthesis of 
amides and ureides has been understood to a 
large extent and found to be highly regulatory at 
cellular and sub-cellular level. Singh also dis¬ 
cussed the metabolism*of transported amide and 
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ureide nitrogen in the plant. He noted that 75- 
90% of the imported amide or ureide nitrogen is 
rapidly metabolised. 

Two merit certificates earmarked to en¬ 
courage excellence in oral presentation by young 
plant physiologists below 30 years of age were 
awarded to Shamim Akhtar Ansarj of Aligarh 
Muslim University, Aligarh and Malvika 
Mathur of Gorakhpur University, Gorakhpur in 
the concluding aimual plenary and general body 
meeting. decided to constitute a 

five-metp}?er cppvnitte^ fp draw the norms for 
electing its feljowa* lasdy,4wa?/Phouncedthat 
the 1988 Annual Con/ereiKV^ tfveSodety will be 
sponsored by \he C S, yn^^ersity of Agri¬ 
culture and Technology, |Unpur. □ 

Shamim A. Ansari, Moinuddin 
and Nafees A. Khan 


Catch and kill insect by power sprayer 
suction trap 

A mechanical device for trapping the in¬ 
sects has been recently developed in a collabora¬ 
tive effort of the Departments of Entomology and 
Farm Machinery, Tamil Nadu Agricultural Uni¬ 
versity, Coimbatore. The device is nothing but a 
knapsack power sprayer operated suction trap. 
Two spray booms are connected by means of a T 


joint. The booms are connected to the blower 
inlet by suitable provisions. To facilitate this, the 
clearance between the blower and power sprayer 
frame is increased. A transparent container is 
fitted to the open and of the T' joint. An inclined 
slit is made in the T' joint and a suitable sieve is 
placed in the slit so that the air from the blower 
passes through the sieve. Method of using the 
trap is similar as using the power sprayer except 
that instead of spra)dng insecticides, the operator 
will suckin the insects through the twin boom as¬ 
sembly. The sucked insects will be trapped in the 
container provided. 

Field tests conducted with the power 
sprayer operated insect trap in paddy, sorghum, 
cotton and sunflower crops proved effective for 
trapping insects like hoppers, midges, eahead 
bugs, white flies and ash weevils. Since majority 
of the insects trapped were found to be alive, 
there is scope for using this gadget as a large scale 
sampling device apart from insect control. As the 
power sprayers are easily available in the farm, 
the power sprayer trap will be highly useful for 
the control of the above mentioned dreadful 
insects especially when there is a "severe out¬ 
break". 

This machine will be of great use for the 
Public Health Workers in controlling adult mos- 
4 |uitoes and flies. The attachment is simple and 
can be easily fixed on to any power sprayer. □ 

S.Mohan and A. Tajuddin 
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Letters 
to the editor 

Studies on the relationship between 
phenological events and energy units 
in wheat genotypes 

Relationship between the seasonal 
events of plants development (phenology) and 
climate are complex'. For obtaining desired lev¬ 
els of production, it is essential to know the 
limitations and potentialities associated with 
major crop varieties under stresses of weather 
and other constraints. Kc'eping this in view, the 
present investigation was planned to study the 
time course of phenological development in rela¬ 
tion to energy units of selected wheat cultivars to 
establish time lag thereof. 

The experiment was conducted in a ran- 
domized-block design, replicated tetra with plot 
size 2 m x 9 m. The sowing of wheat cultivars 


(WL 1562, WL 711, WG 357 and KSML 3) was 
done in the first week of November. The phonol¬ 
ogical observations were recorded from the pre¬ 
selected/tagged uniform four plants from each 
replication. The frequency of observations var¬ 
ied from one to three days, depending upon the 
rate of development of particular event of the 
crop. The data was analysed statistically. 
ACCDEG accounts for cummulative heat units 
for day night time (T^yt^ tempera¬ 

tures, calculated according to Baker et al. * 

Table 1 shows that for the emergence of 
crown root, required at least 3(X) and 327 
ACCDEG units in cultivars WL 1562 and WL 711 
respectively and this requirement was met by 
increase in number of days. Cullivar WL 1562 
took less number of days and heat units for 
attaining the tillering, initiation of joining and 
flag-leaf stages, while cv. KSML-3 to attain the 
flag-leaf stage and boot stages required longer 
duration (more number of days) and more heat 
units and it did not exhibit significant difference 
than that of cv.WG 357. The data also revealed 
that cv. WL 711 required significantly lesser 
number of days than cv. KSML 3 to reach 50% 
boot stage. The cultivar KSML-3 required the 


TABLE 1: Number of days and heal units required for the completion of different phenological events in wheat 
cultivars 


Energy units (ACCDEG) 

Phenological events No. of day^after sowing^ailtiy^s* __ ciiltivars* 



1 

2 

3 

4 

C.D. 

®5% 

1 

2 

3 

4 

CD 

«57o 

- - 

— 

— ■ 

--- 

— 

- 

— -- 


— 


‘- 

Crown-root initiation 

21 

19 

20 

19.8 

0 542 

327 

300 

320 

309 

7.46 

Tillering 

31 

30 

3.3 

30 

3.127 

461.3 

445 5 

405.8 

44.5.5 

39.17 

Jointing 

79 8 

66.8 

88.3 

85.3 

9.93 

944.8 

832.0 

1012.8 

993 8 

87.09 

Rag-leaf 

93.8 

83.5 

98 

100.8 

.3.66 

1069.8 

978.5 

1108.8 

1136.0 

35.55 

Boot stage 

103 3 

93.0 

107.5 

109 0 

3.82 

1161.0 

1084.3 

1207.3 

1224.3 

40.10 

Ear emergency 

121.5 

116.0 

124 0 

126.3 

278 

1349.3 

1289.5 

1380.0 

1412.3 

35.85 

Rowering 

124 3 

120.0 

127.0 

128 3 

1.22 

1384.0 

13293 

1419.0 

1441.3 

18.75 

Watery grain 

1.32.8 

127.8 

134.8 

1.35.3 

3.55 

1514,0 

1436.0 

1549.8 

1559.8 

56.21 

Milky grain 

1.37 8 

134.5 

138 5 

139.3 

2.51 

1610.3 

1546.5 

1625.0 

1637.8 

45.49 

Soft dough 

140.5 

140.3 

142.3 

142.3 

1.65 

1658.8 

1655.0 

1689.5 

1689.5 

30.31 

1 lard dough 

148.3 

1443 

1523 

149.3 

2.44 

1740.0 

1703.3 

1726.3 

1736.8 

57.31 

Physiological maturity 

155 5 

148 0 

1600 

154.3 

2.19 

1973.0 

1808.0 

2060.0 

1952.5 

47.32 


' Cultivars : (1) WL 711, (2) WL 1562, (3) WG 357 and (4) KSML 3 
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highest number of days and ACCDEG units for 
ear emergence which did not show significant 
differences with that of cv.WG 357. The cultivar 
differed significantly in terms of number of days 
and heat units for the completion of flowering 
stage. In attaining the watery-grain stage cvs. 
KSML-3, WG 357 and WL 711 differ significantly 
and forattaining themilky-grain slagn (50%) cvs. 
KSML-3, WG 357 and WL 711 needed the same 
heat units as for watery-grain stage. 

In the next phenological event (soft 
dough stage) cvs. KSML 3 and WG 357 required 
some number of days and heat units, which 
differed significantly as compared to cvs. WL 
711 and WL 1562 which were significantly at par 
with each other. To reach the hard dough stage 
CVS. WL 711 and KSML-3 took the intermediate 
number of days/heat units being significantly at 
par with each other. Forattaining the physiologi¬ 
cal maturity stage cvs. WG 357 and WL 1562 
required maximum and minimum number of 
heat units (2060,1808) respectively while the cvs. 
WL 711 and KSML-3 being statistically at par 
with each other and took i ntermedia te n umber of 
heat units to mature where those wore recorded 
to be 1973 and 1952.5 ACCDEG unit, respec¬ 
tively. 

The present study suggest that, in any 
event, it seems desirable to explain how environ¬ 
mental variations affect phenology and physio¬ 
logical processes rather than merely to describe 
the outcome by statistical procedures^ Secondly, 
there is a varietal difference for attaining differ¬ 
ent growth stages. Thirdly, the number of heat 
units (ACCDEG units) are more important for 
the completion of different phenological events 
rather than number of days after sowing re¬ 
quired for each stage. 

D. s. GILD 
A. K. TIWARI 

Department of Soil it Water Engineering, 

Punjab Agricultural University, Ludhiana -141004. 

Received: 21 July, 1987. 

Revised: 7 September, 1987. 

*Present address: 

Department of Plant Breeding, Punjab 
A^cultural University, Ludhiana. 
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Comparative account of the clinical tests 
and amino-acid contents of the antigenic 
extracts of Putranjiva roxburghii Wall., 
Cocos nucifera L. and Trewia nudiflora L. 

The vegetation of Calcutta and vicinity 
comprised mainly families Arecaceae, Aster- 
aceac, C)rperaceae, Euphorbiaccae, Fabaceae, 
Poaceae, etc'. As Putranjiva roxburghii Wall., 
Cocos nucifera L. and Trewia nudiflora L. release 
large amount of pollen-grains in the airland have 
been found to cause respiratory allergy in some 
cases’, a study has been made to find out the com¬ 
parative allergenic potency and the amino-acid 
composition of the antigenic proteins of these 
three allergenic plants. 

Antigenic proteins have been extracted 
from the pollen-grains of C. nucifera, P. roxburghii 
and T. nudiflora following the standard technique 
of antigen extraction*^. Skin sensitizing tests 
have been performed with the sterile antigen (1: 
50 and 1:500 dilution) on the patients suspected 
to be susceptible against these selcjcted pollen 
grains (Tables 1-2). Amino-acid contents of the 
allergenic proteins have been determined fol¬ 
lowing the technique of Moore et al One mg of 
dry protein sample from each pollen antigen was 
taken; after hydrolysis and subsequent drying, 

TABLE 1: Results of skin tests (antigen 1:50; w/v) 


Pollen typo 

No. of 



Skin reaction 


patients/ 






O 

It 

2t 

3+ - 

healthy 


persons 

negative 



C. nucifera 

P-105 

45 

31 

19 

10 


H- 20 

19 

1 

- 

- 

P. roxburghii 

P - 97 

41 

33 

15 

8 


H- 20 

20 

- 

- 

- 

T. nudiflora 

P-120 

61 

35 

22 

2 


H-20 

19 

1 

- 

- 


P = Patients; 11 = Healthy persons 
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TABLE 2: Results of skin tests (antigen 1:500; w/v) 


I’ollcn type No. of Skin reaction 



patients/ 

-- 

_ 



healthy 

(-) 

1 + 

2+ 3+ 


persons 

negative 


C, nuctfera 

P-55 

27 

19 

9 


H-15 

15 

- 

_ 

P. roxburghii 

P -39 

20 

15 

4 - 


H-15 

15 

- 

- 

T. nudiflora 

P-41 

23 

13 

5 - 


H-15 

15 

. 

- 


P = Patients; H = Healthy persons 

amino acids were analysed in Beckman's auto¬ 
matic amino acid analyser. The results arc sum¬ 
marised in Table 3. It has been found that Cocos 
nucifera gave significant positive results when 
compared with the results of Trewia and Pu- 
tranjiva, although both Trewia and Putranjiva 
gave good number of positive results (Tables 1- 
2). Studies of amino-acid composition of the 
three pollen-grains indicated all the three anti¬ 
genic protein sample contain altogether 17 
amino acids. But the amounts vary from one 
genus to another. In ease of Cocos, glutamic acid 
showed highest concentration followed by alan¬ 
ine, lysine, leucine etc. Glycine showed the high¬ 
est concentration in ease of Putranjiva followed 


by lysine, glutamic acid, t 5 n-osine etc. In case of 
T rewia highest concentration has been shown by 
glycine followed by glutamic acid, aspartic acid 
etc (Table 3). 

Those three pollen-grains were noted to 
be allergenic and their allergenic proteins were 
isoallcrgenic in nature when the amino-acid con¬ 
tents are concerned, remitting only a minor dif¬ 
ferences in the concentration of amino-acid of the 
three allergens. The skin tests were performed in 
the B. R. Singh Hospital, Eastern Railway, 
Sealdha, Calcutta- 700 014. 
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TABLE 3 : Amino-acid composition of C. nucifera, P. roxburghii and T. nudiflora 


Name of the 
amino acids 

Micromoles of amino add/ 
mg proteins sample of 

C. nucifera 

Micromoles of amino add/ 
mg proteins sample of 

P. roxburghii 

Miaomolcs of amino acid/ 
mg proteins sample of 

T. nudiflora 

Aspartic acid 

2.3 

1.50 

1.97 

Ibreonino 

1 51 

1.68 

0.93 

Serine 

1.79 

2.3 

1.56 

Glutamic acid 

3.9 

2.8 

3.7 

Glycine 

1.7 

3.1 

3.9 

Alanine 

3 3 

2.27 

1.23 

1/2 Cysteine 

Trace 

Trace 

Trace 

Valine 

1.2 

1.1 

1.75 

Methionine 

073 

0.9 

0.40 

Isolcucine 

1.8 

1.45 

0.65 

Leucine 

2.9 

1.9 

1.25 

Tyrosine 

081 

2.5 

0.79 

Phenylalanine 

162 

1.05 

0.57 

Prolinc 

2.1 

1.7 

1.75 

Lysine 

3.2 

2.83 

1.34 

Histidine 

0.65 

1.1 

, 0.35 

Arginine 

1.25 

2.1 

1.16 
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Scanning of early>sprouting variety of 
mulberry 

Monts alba, L. being the only stable food 
of silkwolltiis very useful if the leaf is broad and 
has got eariy-sprouting nature. Early-sprouting 
varieties can be beneficially exploited for early 
rearing in the spring season. In the present study, 
a few newly introduced as well as local varieties 
have been studied for early sprouting and large 
leaf area for the betterment of Sericulture Indus- 
tiy in Jammu region of J & K State. 

In order to find out the leaf area, differ¬ 
ent methods have been enumerated’-In the 
present investigation, mathematical relationship 
based on maximum leaf length and breadth was 
found to be more practical and appropriate*. 
Twelve varieties of Morus with entire leaf were 
taken into consideration. Well mauifained 
plants of the same age group from different va¬ 
rieties were selected. Studies were initiated at a 
stage when most of the buds had just sprouted or 
about to sprout. Five first leaves of each variety 
were selected and tagged. Maximum leaf 


breadth was measured from the point where the 
leaf was found to be broadest. Maximum leaf 
length was measured from the point of attach¬ 
ment of petiole to the leaf to the leaf tip. Mean leaf 
area of different varieties was recorded (Table 1). 
Observations were recorded at 6-day intervals. 
Studies were also conducted during the next two 
concurrent years but similar results were ob¬ 
tained. It was observed that humidity and tem¬ 
perature have a marked effect on the growth of 
mulberry. 

It was observed that Kanva-2, local and 
S-54 were the early sprouting varieties sprouting 
somewhere in the end of January or beginning of 
February. Sujanpur and Gosho-crami were the 
late sprouting varieties sprouting in the second 
week of Fdjruary and third week of March. The 
rest of the varieties were found to be mid-time 
sprouting i.e. in the second week of February. 

As per leaf growth and size gaining was 
concerned, Gosho-erami had fast-growing leaf. 
Sujanpur, BCj59, TR-4 Behrampur, TR-10 
Behrampur and Local had slow-growing leaf 
with les«?r leaf area (Table 1). Kanva-2, Gosho- 


TABLE 1 : Datewise leaf area estimates of twelve Morus varieties in Jammu region 


Dale 

7.2.85 

13.2.85 

19 2.85 

25.2.85 

3.3.85 

9.3.85 

15.3.85 

21.3.85 

I’ercont inacasc 
in leaf area on 
initial observation 

Max.Tcmp./ 

Min.Tcmp. 

22.5/5.5 

22.0/5.5 

25.0/6.0 

26.0/8.0 

30.0/10 

31/11 

33.5/12 

35/14 

Relative 

humidity 

80% 

70% 

64% 

64% 

60% 

63% 

60% 

58% 

Variety 




Leaf area (cm*) 





S-36 

2.26 

3.78 

14.35 

21.58 

37.67 

5920 

81.50 

98.60 

4262.8 

S-54 

7.76 

17.58 

29.42 

32.10 

71.92 

78.08 

90.58 

120.60 

1454.1 

S-41 

3.61 

8.25 

17.73 

21.41 

69.62 

79.82 

85.60 

102.62 

2742 6 

S-30 

3.98 

11.16 

24.65 

26.95 

51.80 

118.95 

115.00 

122.% 

2989.4 

Kanva-2 

10.14 

19.61 

40.11 

58.23 

78.72 

98.67 

104.00 

130.50 

1186.9 

CSIR Mysore 8 

4.30 

7.79 

14.87 

22.82 

27.86 

34.08 

50.00 

86.05 

1901.2 

TR - 4 Behrampur 

4.11 

5.93 

11.29 

13.44 

14.06 

35.28 

54.50 

101.30 

2364.7 

BC,-59 

3.91 

8.91 

12.24 

14.23. 

15.82 

16.22 

30.50 

65.15 

1566.2 

TR-10 Behrampur 

3.58 

7.54 

13.08 

16.12. 

16.68 

18.08 

33.70 

62.05 

1633.2 

Sujanpur 

1.60 

5.29 

8.75 

10.55 

19.39 

22.15 

28.60 

47.72 

2882.5 

Local 

9.76 

11.07 

13.86 

23.06 

36.74 

56.80 

54.80 

57.58 

489.9 

Gosho-erami 

- 

- 

- 

- 

- 

- 

5.92 

94.58 

- 


• Percent increase In leaf area = 
Where i = the initial leaf area 
b = the final leaf area 
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erami had very good leaf yield, whereas local 
and CSIR Mysore-8 had poor leaf yield. The 
statistical analysis based on initial observation 
calculated showed some deviation which may 
perhaps be because Kanva-2 initially had more 
leaf area in comparison to the other varieties. But 
the variety had better leaf yield as compared to 
others. After feeding trial of all varieties to 
various races of silkworm, it was noted that 
leaves of Kanva-2 and Gosho-erami were more 
palatable and liked by the silkworms. In contrast 
to this, Sujanpur^ and CSIR Mysore-8 had low 
palatability. 

From above findings, it is clear that vari¬ 
ety Kanva-2 is best suited for early rearing in 
Jammu region. Hence, it is recommended to be 
cultivated in this area. Gosho-erami should bet¬ 
ter be cultivated in Kashmir region where early 
rearing is not needed but the variety should have 
good leaf yield, better palatability and larger leaf 
area. 

Authors are highly thankful to Professor 
A. Ahmad, Vice-Chancellor for providing neces¬ 
sary facilities to carry on the work. 
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Population growth behaviour of 
Tylenchorhynchus mashhoodi and Cricone- 
mella ornata as influenced by wheat varieties 

Population growth behaviour of 
phytofeeding nematodes in any varietal resis¬ 
tance trial can be taken as one of the parameters 
for evaluation of status of host, as being obligate 
parasites, nematodes are influenced by their host 
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physiology. Efficient hosts are those upon which 
nematodes can build up great densities com¬ 
pared to jX)or hosts where population density is 
low’. 

To study the influence of wheat varieties 
on the population growth behaviour of two 
phyto-feeding nematodes Tylenchorhynchus 
mashhoodi Siddiqi and Basir, 1959 and Cricone- 
mella ornata Luc and Raski, 1981, soil samples 
were collected for four times at an interval of one 
month starting from sowing from a wheat vari¬ 
etal trial comprising of sixteen entries laid out in 
Randomised Block design with three replica¬ 
tions in the University central farm. Nematodes 
were recovered from soil following Cobb's shift¬ 
ing and gravity method, killed in hot water and 
preserved in 2% formaline in water. Populations 
of the nematode free in the soil were counted 
species-wise and analysed statistically following 
vn+1 transformations. Reproductive rate (R) 
was calculated by dividing the final population 
(PO at harvest by the initial population (Pi) at 
sowing. The data are presented in Table 1. Dif¬ 
ferent populations of T. mashhoodi and C ornata 
exhibited slow but distinct rising trends of 
growth in all varieties from sowing (D,) upto post 
flowering (D,) which indicate that the varieties 
had served as hosts for the nematodes. While 
populations of the two species on majority of the 
varieties declined upto harvest (D^, only two in 
case of T. mashhoodi (HI-1077 and Kalyansona) 
and five in case of C. ornata (HI-1077, Sonalika, 
HI-1156, K.Sona and HI-1116) increased upto 
harvest. Almost all the varieties supported the 
popula ti ons of T. mashhoodi and thirteen varieties 
excepting Raj-1182, HD 2402 and Hl-1156 sup¬ 
ported latter population upto third date levels. 
These trends indicate that influence of stages of 
wheat growth on the population growth of the 
two nematode species was variable depending 
on wheat varieties and nematode species, major¬ 
ity of the varieties, but not all, restricting nema¬ 
tode growth beyond flowering and not before. 

'R' (times-growth) values of the two 
nematode species range from 0.5 to 3.2 and 1.2 to 
6.0 in case of T. mashhoodi and C. ornata 
respectively. Tylenchorhynchus spp. perhaps are 
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TABLE 1: PopuUtion Dynamic of Tylenchorkynchus maskhoodi & Criconemella omaia 
in a wheat varietal trial (Mean tables for Varieties, Dates and VxD interactions) 


VarietiM 



Population at different dates* 

and final B 

!•• values 





(A) Tvtenchorhvnckus mashhoodi 




(B) Criconemella omata 



D. 

D. 



Mean 

R** 

D, 

D. 

D. 

D, 

Mean 

R** 

HD-2402 

74 

83 

12.0 

5.9 

8.4 

0.6 

2.0 

1.7 

23 

4.3 

2.5 

6.0 

HI-1077 

4.9 

5.6 

7.9 

8.4 

6.7 

3.0 

1.7 

2.0 

2.8 

33 

2.4 

5.0 

SonoUka 

5.1 

6.2 

8.8 

4.4 

6.1 

0.7 

1.7 

1.7 

1.7 

2.4 

1.9 

3.0 

HI-11S6 

43 

5.0 

7.1 

5.5 

5.5 

1.6 

2.0 

2.2 

2.2 

3.2 

2.4 

3.0 

K. Sona 

3.7 

4.2 

5.8 

6.5 

5.0 

3.2 

2.2 

23 

2.6 

3.4 

2.6 

2.8 

Lok-1 

5.5 

6.2 

8.8 

4.6 

6.3 

0.7 

23 

2.7 

3.9 

3.7 

3.2 

2.6 

HI-1116 

4.6 

5.4 

7.4 

5.5 

5.7 

1.4 

23 

2.2 

3.0 

3.3 

2.7 

2.5 

CPAN-1998 

6.5 

7.4 

10.5 

6.0 

7.6 

0.9 

2.8 

33 

4.3 

4.1 

3.6 

2.3 

HI-1076 

4.1 

4.7 

6.5 

4.9 

5.0 

1.4 

2.1 

2.6 

3.5 

3.4 

2.9 

23 

HI-1115 

53 

5.9 

83 

53 

6.2 

1.0 

2.4 

2.4 

3.6 

3.1 

2.9 

1.8 

HI-784(Swati) 4.4 

5.2 

73 

6.1 

5.7 

1.9 

23 

2.4 

3.1 

2.8 

2.6 

1.7 

HD-2411 

5v0 

5.6 

7.9 

5.5 

6.0 

1.2 

2.4 

23 

3.0 

2.9 

2.6 

1.6 

HD-2444 

5.6 

6.5 

93 

4.2 

6.3 

0.5 

2.4 

2.6 

3.9 

2.9 

2.9 

1.6 

HD-2399 

5.5 

6.2 

8.8 

53 

6.4 

0.9 

2.6 

2.8 

3.8 

33 

3.1 

1.5 

Ra)-1482 

5.1 

5.9 

83 

53 

6.2 

1.1 

23 

2.6 

1.0 

2.8 

23 

1.4 

HI-1144 

5.8 

6.8 

9.6 

5.7 

6.9 

0.9 

2.6 

3.0 

4.2 

2.8 

3.1 

1.2 

Mean 

52 

5.9 

8.4 

5.6 



23 

2.4 

3.0 

3.2 





(A) 

(B) 

C.D.(0.05) Varieties 

0.5 

03 

Dates 

0.3 

0.1 

Interactions 

1.1 

0.6 


•Mean Vn + 1 transformed values of three replications 
••Based on non-transformed values. 


not as prolific breeders as other species. Ray and 
Patra* observed. T. cuticaudatus to have 'R' val¬ 
ues ranging from 0.75 to 3.6 on groundnut. 
Considered in the light of aforesaid observation, 
56% of the wheat varieties on which 'R' values of 
T. mashhoodi are more than one can be treated as 
efficient (susceptible/tolerant) hosts compared 
to the rest 44% which are inefficient (= resistant) 
hosts because of 'R' values which are less than 
one. 

Criconemella ornata has been seen earlier 
to have 'R' values as high as 72.9 (range 38.1 to 
72.9) on groundnut (Ray and Patra*) and in 
comparison, the Ti' values of the species ob¬ 
tain^ here oh wheat are decisively very low 
which lead to assume that all the wheat varieties 
under study are inefficient (=resistant) hosts for 
the nematode. 


The authorsare thankful to Dr. S. N. Das, 
Professor and Head, Nematology-cum-Dcan of 
Research, OUAT, for providing necessary labo¬ 
ratory facilities for the work. 
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Orissa University of Agril. & Technology, 

Bhubaneswar - 751 (X)3. 
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Varietal response of paddy to 
storage conditions 

Viability is an important physiological 
factor tha t determines the life span of seed of high 
yielding variety paddy especially for the flood 
and drought affected areas of Orissa. It was 
reported* that paddy seed can be stored for two 
to three years at low tem|3eratures if it contains 
less than 13% of grain moisture. Different geno¬ 
types respond* differently to storage conditions 
for which the present study was undertaken to 
evaluate 12 popular paddy varieties of 90-135 
days duration with dormancy up to one month 
only in CR1014 and Jagannath. 

The experiments were conducted dur¬ 
ing March 1981 from samples harvested during 
October-December, 1980. Samples of 100 seeds 
from each variety were packed in polythene bags 
of 300 gauge, sealed and stored for 120 days 
under controlled temperatures, ranging from -3 
to 40 C. Seeds stored at room temperature 
served as control. At the end of storage period, 
viability was estimated* as percentage of germi¬ 
nation and the data were analysed statistically. 


The data (Table 1) revealed a significant 
temperature x variety interaction indicating that 
the viability of a variety is influenced by the 
storage temperature. At room temperature via¬ 
bility of Kalakeri, CR-1014, Ratna and NC-1281 
was superior to other test varieties. Similarly, at 
-3*C, Dular, NC-1281, Kalakeri, CR-1014, Black- 
gora, CR-34-7, Bala and Ratna were superior to 
others. At 8X3, NC-1281, Black^ora, Jagannath 
and Ratna showed better viability estimates. At 
16'C, Ratna, Kalakeri, NC-1281, CR-1014, Brown- 
gora, Black-gora, Jaganna th and Dular possessed 
better viability values. At 27 *C, NC-1281, Kalak¬ 
eri, CR-1014, Black-gora and Ratna exhibited 
superior viability estimates. At 30*C, viability of 
Jagannath was superior to all other test varieties. 
At 37*C, Jagannath, Kalakeri, CR-1014, Black- 
gora and Ratna were found to possess superior 
viability values. At 40*C, Black-gora, NC-1281, 
Jagannath and Ratna manifested superior viabil¬ 
ity values. 

It might be noted that a germination 
value of 80% (63.44 a.v.) is the minimum require¬ 
ment for certification of paddy secds^ In this 
context, seeds of Ratna, Dular, NC-1281, 


TABLE 1: Effect of storage temperature on the germination percentage of paddy seeds 


Storage temperature in X! (an g ular values of %) _ Variety 


Variety 

RT 

-3-C 

8*C 

16‘C 

27-C 

30‘C 

37-C 

40‘C 

means 

Kalakeri 

84.2 

78.8 

77.1 

78 8 

78.8 

73.7 

80.2 

76.0 

78.5 

Dular 

70.6 

84.2 

73.6 

77.1 

75.0 

71.9 

77.1 

74.7 

75.5 

NC-1281 

78.5 

85.9 

90.0 

80.1 

84.2 

78.8 

77.7 

80.7 

82.0 

CR-1014 

84.2 

78.8 

77.1 

78.8 

78.8 

73.7 

80.2 

76.0 

78.5 

Brown-gora 

76.0 

72.6 

77.7 

78 8 

73.2 

70.6 

77.1 

76.7 

75.3 

Black-gora 

69.7 

77.7 

85.9 

78.8 

80.2 

77.1 

80.8 

85.9 

79.5 

Jagannath 

76.0 

67.2 

84.2 

77.1 

77.1 

90.0 

85.9 

78.8 

79.4 

Saturn 

45.0 

62.7 

68.9 

58.1 

46.7 

45.6 

57.6 

57.4 

553 

Bala 

56.8 

72.6 

66.5 

71.9 

63.5 

52.0 

71.1 

68.9 

65.4 

Kalinga-2 

66.4 

68.9 

74.7 

69.8 

72.8 

64.2 

74.7 

76.0 

70.9 

Ratna 

78.5 

74.7 

85.9 

81.9 

80.2 

76.0 

82.9 

82.9 

80.4 

CR-34-7 

66.4 

77.1 

80.1 

72.8 

75.8 

700 

76.7 

71.7 

73.8 

Temp, means 

70.2 

75.1 

78.5 

75.3 

74.0 

703 

76.8 

75.5 



C.D, (0.05) for temperature = 3.2; Variety = 5.5 
temperature x variety = 8.1; 

R.T.— Room temperature: 

Maximum =31.7X:±4*C 
Minimum =295C±5*C 
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CR-1014, Brown-gora, Black-gora and Saturndid 
not satisfy the nninimum requirement initially 
but improved during storage, except satum. 
Such improvement may be attributed* to the 
period of storage rather than storage tempera¬ 
ture since they are known to possess varying 
period of dormancy. The results of the present 
study, however, confirm the earlier findings‘^ 
The results presented in this note 
formed part of the M.Sc. (Ag), thesis of the senior 
author. Authors are thankful to Drs. P. C. Par- 
ichha, G. C. Rath and G. J. Patra for their encour¬ 
agements. 
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A.M. RATH 
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Additional vector of citrus tristeza virus 

Citrus tristeza is one of the most destruc¬ 
tive virus disease among all the virus and virus¬ 
like diseases of citrus. During the extensive 
surveys undertaken to assess the performance of 
pre-immunized and healthy add lime [(Ctfrus 
aurantifdia (Cbristem) Swings] seedlings in 
growers' orchards in Kfirnataka, Andhra 
Pradesh and Tamil Nadu states, severe strain 
symptoms and decline wefeobserved to varying 
extent within 2-8 years after planting. Severe 
strain symptoms were observed to be spreading 
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fast even in those orchards where periodical in¬ 
secticidal sprays were undertaken and coloniza¬ 
tion of aphids on acid lime was absent. In view 
of these observations, investigations were un¬ 
dertaken to study the role of different aphids in 
spreading this dreadful disease. 

Colonies of aphids were raised from 
single females on their respective hosts, enclosed 
in wire mesh cages, viz., Myzus persicae Sulz. on 
tobacco. Aphis gossypii Glov. on bottelgourd A. 
craccivora Koch, on cowpea, A. nerii Boy. on Cala- 
tropis, A.fabae Scop, on broadbean, Acyrthosiphon 
pisum Harris, on sweet pea and Toxoptera diridda 
Kirk, on sweet orange. In all the experiments 
well developed apterous adults were used for 
transmission studies. Acid lime seedlings, 4-6 
month old, planted singly in polythene bags and 
having 8-10 leaves were used as test plants. 
Cultures of mild and severe strains of citrus 
tristeza virus (CTV) were maintained separately 
on acid lime plants. Aphids were starved for 2- 
3 hours in dark, given an acquisition access time 
of 30 minutes on detached young leaves showing 
typical symptoms of mild and severe strains 
separately and thereafter transferred in groups 
of 10 aphids/test plant for providing inoculation 
access time of 24 hours. Thereafter, the plants 
were sprayed with 0.05% dimethoate solution to 
kill the aphids and observation for symptoms 
were made upto 4 months. For each aphid spe¬ 
cies and strain of the virus, three replications, 
each having 10 plants, were maintained. All ex¬ 
periments were carried out under insect-proof 
glasshouse conditions. Data were subjected to 
angular transformation before analysis of vari¬ 
ance'. 

All the aphid species tested transmitted 
both mild and severe strains of CTV (Table 1). 
However, severe strain was transmi tted more ef¬ 
ficiently than mild strain by all the aphids. T. 
dtricida was the njost effkdent vector for both the 
strains and A nexii was the least efficient vector. 
A. fabae and A wrH ; A. jhfeae, A gossypii and A. 
pisum: and A e ms d va ^ and M. perdcae did not 
differ statistteatty fyom each otherfbr transmit¬ 
ting severe stmiit AfiAde 4ndAner»,andfhe 
other liveaphidsped«wei^«tparaxnoogi!wm- 
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TABLE 1: Transmission of citrus tristeza virus 
strains by different aphids 


SI. 

Aphid species 

Percent transmission of 

No. 

tested 

strains 



Severe 

MUd 

1 

Aphis craccivora 

44.98 (50.00)* 

30.98 (26.33) 

2 

A. gossypii 

30.98 (26.66) 

28.76 (23.33) 

3 

A. fabae 

23.84 (16.66) 

8.85 (6.66) 

4 

A. nerii 

14.99 ((10.00) 

6.14 (333) 

5 

Acyrthosifdion pisum 

30.98 (26.66) 

23.84 (16.66) 

6 

Myzus persicae 

46.90 (5333) 

32.98 (30.00) 

7 

Toxoptera citricida , 

74.98(90.00) 

34.98 (33.33) 


•F 

20.408 

53371 


S.Em± 

4.3559 

5.0643 


C.D. 5% 

13.4163 

15.5981 


* Data in the parenthesis repres ent actual values 
and outside transformed (>nr+ 1) values 


selves for mild strain. Transmission of CTV in 
India has been reported through T. citricida A. 
gossypii, A. craccivora, M. persicae, Daciynotus 
jaceae *, A. spiraecola, T. aurantii *•* and/\. citrkola *. 
A. fabae, A. nerii and A. pisum are additional vec¬ 
tors of CTV. High rate of aphid transmission of 
severe strain by all the aphid species may be the 
reason for more prevalence and faster spread of 
severe strain. Similar variations in the vector 
transmission of different isolates/strains of CTV 
have been reported earlier”. Moreover, relative 
importance of colonizing and non-colonizing 
aphids as vectors has to be evaluated more care¬ 
fully as non-colonizing aphids have been re¬ 
ported to be more efficient vectors”. A. fabae, A. 
nerii and A. pisum are here reported for the first 
time as the vectors of CTV strains. 

The author is grateful to the Director, In¬ 
dian Institute of Horticultural Research, Banga¬ 
lore for providing the necessary facilities. 
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Nitrogen fixation by Klebsiella rubiacearum 

While Nj-fixation by Klebsiella 
pneumoniae is now well established', N^-fixation 
by K. rubiacearum, an organism isolated from the 
leaf galls of Psychotria (Rubiaceae) first observed 
by Silver and Centifanto* is disputed and this 
species of Klebsiella does not figure in Postgate's 
list'. We have examined Nj-fixation by a strain of 
K. rubiacearum obtained from J. Deley, Belgium. 

K. rubiacearum was extensively purified 

by treatment with 100 jig. ml 'of penicillin, ampi- 
cillin, streptomycin, kanamycin and tetracycline. 
The bacterium survived this treatment except 

that 100 ug. ml 'of tetracycline was toxic. Cells, 
obtained after treatment of sublethal concentra¬ 
tion of antibiotics, were subjected to extensive 
dilution plating and purity was checked by scan¬ 
ning electron microscopy using a Phillips EM400 
at RSIC, Bose Institute, Calcutta (Fig. 1). 



Fig. 1: Seaxming electron micrograph of K. rubiacearum . 
The white bar represent 1 pm. 
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The organism fixed 24.86 mg of N, per 
litre of culture media; in terms of glucose it fixed 
3.31 mg per gram of glucose consumed. Fig. 2 
shows that K. rubiacearum has a lag period of 
about 6 hr before the cells exhibit nitrogenase 
activity as indicated by acetylene reduction us¬ 
ing a Hewlett-Packard gas chromatograph fitted 
with a hydrogen flame ionization detector and 
Porapak N column. The experiment was carried 
out for 45 hr and for 34 hr the activity increased 
progressively with time. The rate of reduction 
was about 158 nmole mg-' cell dry wt. h ’. 



Pig. 2. Niirogcna-se activity (acetylene reductiwi) of K. ru¬ 
biacearum as a function of time. The gas phase was 
10% acetylene in argon. The values are the means of 
four repbcates ± sundard error of the mean. 

The effect of Oj partial pressure on the 
nitrogenase activity of K. rubiacearum during a 
22 hr period is shown in Fig. 3. Oxygen improved 
nitrogenase activity up to a pOjOf 0.02 atm, when 
the increment was of the order of 50% as com¬ 
pared to the anoxic condition but thereafter the 
effect was inhibitory, the inhibition increasing 
with increase in O, concentration. At a pO, of 
0.055, the acetylene reduction was practically the 
same as in complete absence of O,; in air, the 
activity dropped down to about 1 /3rd of the rate 
observed under anaerobic conditions. 



Fig. 3. Effect of different concentrations of Oj on 
nitrogenase activity (acetylene reduction) 
of K. rubiacearum. 


Orskov* recognised 32 biot)T)es of fC. 
pneumoniae alone and Bascomb et al.* divided the 
Klebsiellae into six taxa, N,-fixing strains of 
Klebsiella are widespread in the phylloplane of 
plants particularly in the tropics*. The nif gene 
clustering, pneumoniae M5 ^ is integrated with 
the genome’, whereas it is plasnud-carried in the 
strains of Klebsiella isolated from the phyl¬ 
loplane. If the ni/gene in fC. rubiacearum also is 
plasmid-carried, the loss of Nj-fixing capacity in 
some strains can be explained since plasmid- 
borne characters are known to disappear in the 
progeny under conditions which encourage 
non-synchronous division. 
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Effect of growth substances on fruit set 
and fruit retention in guava 

The initial fruit-set is distinctly high in 
guava (Psidium gmjava L.) and about 80-86% of 
flowers set fruits’. Due to severe fruit drop, only 
34-56% of fruits attain maturity. Spraying of G A, 
at 15 or 30 mg/1 in the month of January proved 
effective in increasing fruit retention and subse¬ 
quently the yield*. About 90% fruits* were re¬ 
tained in trees receiving 200 mg/1 GA,. 

The present experiment was carried ouf 
on guava cv. L-49. For each treatment, 110-230 
open flowers were tagged and used. The flowers 
were sprayed once with different growth regula¬ 
tors at various concentration (Table 1) with the 
helpof anatomizer. Thenumberof fruits formed 
on the treated flowers were counted 20 days after 
the treatment. The chemicals were further 
sprayed 7 days after the formation of fruits and 
90-155 fruits were used per treatment. The 
number of fruits retained on the plant till harvest 
was recorded. 


The different treatments indicated 5- 
18% increased fruit set compared to control, 
except 2,4-D at 50 mg/l treatment, which caused 
deblossoming by about 15% compared to con¬ 
trol. The effect of GAj was, however, found most 
effective at all concentrations. Among the vari¬ 
ous growth substances, NAA at 50 mg/I appre¬ 
ciably reduced the drop of immature fruits 
(Table 1). Treatment with different growth sub¬ 
stances caused 10.1-35.4% more fruits at harvest 
compared to control. 

To increase fruit set, we need to reduce 
the rela ti ve 'sink strength' of the young fruits and 
growth regulators was found effective in this 
way^. The use of GA, (ber), NAA (mango) and 
2,4-D (orange) in increasing fruit set and reduc¬ 
ing fruit drop was earlier reported* * 
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TABLE 1: Effect of growth aubstancet on fruit set and fruit retention in guava (cv. L-49) 


Treatment 

Number of 

flowers 

treated 

Percentage of 
fndtsset 

Number of 
fruits treated 

Number of 
fruits harvested 

Percentage of 
fruits harvested 

GA, 50 mg/l 

155 

92 

no 

94 

85.5 

GA, 100 mg/l 

178 

98 

130 

112 

96l2 

(1\200 mg/l 

135 

90 

125 

108 

86.4 

2,4-D 5 mg/l 

230 

87 

145 

123 

84.8 

2,4-D 10 mg/l 

185 

90 

105 

83 

79.0 

2,4-D 50 mg/l 

205 

65 

155 

102 

65.8 

NAA 10 m^l 

175 

85 

112 

96 

85.7 

NAA 50 mg/l 

110 

85 

90 

82 

91.1 

NAA 100 mg/l 

180 

92 

135 

111 

82.2 

Control 

142 

80 

140 

78 

55.7 
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Effect of on amylase activity during 
germination of Arachis hypogea (Co I) 

Cadmium is a major environmental jx)l- 
lutant. Atmospheric Cd sources are primarily 
metal processing or impurities in Zn-base oil and 
rubber additives that are released when diesel 
and heating oils are burned or vehicle tyres 
wear’. Raised concentration of Cd in soil may be 
due to pollution from mining or smel ting orfrom 
automobilesl Cd is also a water pollutant*. In¬ 
creased amounts of Cd in water may be due to 
industrial discharges or from the metal and plas¬ 
tic pipes used in water distribution^ Phosphate 
fertilizers and pesticides may also contributfe 
significantly* Cd has been found to be toxic to 
lichens when 300-5(X) ppm accumulated in the 
thallus*. Reduced plant growth and chlorosis 
have been observed as a result of exposure to Cd^ 
Other effects observed include reduced photo¬ 
synthesis and transpiration rates'and increased 


occurrence of ozone-induced leaf injury*. Cd has 
also been known to interact with Cu in causing 
growth retardation’*. The present study was 
undertaken with a view to study the effect of Cd 
on germination of Arachis hypogea . The enzyme 
amylase was chosen for this purpose as this en¬ 
zyme has been shown to be affected by heavy 
metals”. 

Archis hypogea (Co I) seeds were ob¬ 
tained from Tamilnadu Agricultural University, 
Coimbatore. The seeds were soaked in different 
concentration of Cd Cl, for three hours. Seeds 
soaked in distilled water served as the control. 
After three hours the seeds were spread out on 
petridishes on filter paper and allowed to germi¬ 
nate. Germination was foil wed for five days dur¬ 
ing which period the activity of amylase and the 
carbohydrate content in cotyledons were meas¬ 
ured. The enzyme extract for assay of amylase 
was prepared from cotyledons according to the 
method of Azhar and foishnamoorthy’*. Amy¬ 
lase activity was measured by the dinitrosalicylie 
acid meth(^'*and carbohydrates by the phenol- 
sulphuric acid method". 

Table 1 shows that the activity of amy¬ 
lase increases from day 1 to day 5 in the cotyle¬ 
dons of the control group. A similar pattern was 
obtained for the test groups as well but the activ¬ 
ity is comparatively less indicating the inhibitory 
effect of Cd” on amylase. For each day the 


TABLE 1: Effect of Cd** on amyUte activity and carbohydrate content iq cotyledon* in genninating 

Aradtis hypogea 


Days 

Amylase 

(mg maltose liberated/cotyledon) 
la’M lO^M WM 

CdCl, CdO, CdO, 

Control 

10*M 

Cdd, 

Carbohydrate 
(mg/100 mg cotyledon) 

10*M 101^ 

CdCl, Cdd, 

Control 

1 

0.039± 

0.0441 

0.0811 

0.1011 

36351 

31.551 

26.531 

18.631 


0.001 

0.001 

0.002 

b.0(B 

0.99 

0.87 

0.96 

0.54 

2 

0.073± 

0.1441 

0.1901 

03151 

12.481 

9.211 

7.261 

6.421 


0.002 

0.004 

0.004 

0.007 

0.63 

0.41 

0.26 

0.27 

3 

0.1161 

0.2431 

03991 

0.5751 

9.491 

6.681 

5.451 

3.611 


0.002 

0.007 

0.004 

0.015 

0.50 

0.18 

0.27 

0.15 

4 

0.1711 

0.2801 

0.4951 

0.9361 

6311 

5.371 

4.921 

3.011 


0.003 

0.008 

0.020 

0.033 

0.24 

0.19 

0.10 

0.06 

5 

0.2091 

0.3201 

0.5831 

1.0101 

5.111 

4.101 

3.231 

2.111 


o.ffie 

0.010 

0.031 

0.056 

0.15 

0.16 

0.08 

0.08 
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TABLE 2: Effect of Cd'*on fresh weight and root length in germinating 

Arachis kypogea 


Average fresh weight (g) Root Length (cm) 


Days 

10*M 

CdO, 

10"M 

CdO, 

KF'M 

CdO, 

Control 

10*M 

CdO, 

lO^M 

cda, 

ICFM 

CdCl, 

Control 

0 

0.312± 

0.315± 

0.320± 

0.3201 






0.006 

0.007 

0,012 

0.017 





1 

0.440± 

0.463± 

0.516± 

0.5331 

- 

0.3 

0.6 

0.9 


0.021 

0.016 

0.023 

0.030 





2 

0.461 ± 

0.501 ± 

0.578± 

0.5951 

0.3 

1.1 

1.4 

' 1.7 


0.009 

0.021 

0.028 

0.021 





3 

0.513± 

0.550± 

0.6251 

0.6711 

0.8 

1.8 

2.1 

2.7 


0.027 

0.023 

0.031 

0.033 





4 

0.554± 

0.610± 

0.7311 

0.7641 

1.4 

2.4 

3.2 

4.1 


0.017 

0.033 

0.043 

0.055 





5 

0.590± 

0.709± 

0.8601 

0.9001 

1.9 

33 

4.6 

5.8 


0.021 

0.021 

0.036 

0.045 






inhibition by Cd‘* increase in Cd” concentration. 
In contrast to this, the carbohydrate content in 
cotyledonsfallsfromdayl today 5 in the control 
group. A similar pattern is seen in the test 
groups but the levels are higher. For each day the 
carbohydrate content increased with concentra¬ 
tion of Cd**. The results in Table 2 also clearly 
indicate that Cd** has an inhibitory effect on ger¬ 
mination in Arachis hypogea. Cd** has strong 
affinity for —SH groups'®. Thus, it is likely that 
Cd” inhibits germination in Arachis hypogea by 
interfering with the functioning of a vital—SH 
group. 

R. SRINIVASAN 
K. RADHAKRISHNAN 
V. N. SATAKOPAN 

Department of Biochemistry, 

PSG College of Arts b Science, 
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FELLOWSHIP OF THE ROYAL SOCIETY 


Royal Society of London for Improv- 
ing Natural Knowledge' or in short, the 
'Royal 500101/ is the oldest scientific society in 
Groat Bri tain and one of the oldest in Europe. Tlie 
Society was founded in November 1660 through 
the efforts of a group of about twelve eminent 
British Scientists of whom Robert Boyle was one 
of the leading members. KingCharles II granted 
the Society its first Charter on 15th July 1662 
which was followed by a second Charter on 22nd 
April 1663, extending the society's privileges. 

‘Nidliu? invetba —^an expression of deter¬ 
mination to withstand dogma and to verify all 
statements by an appeal to facts', was chosen as 
the motto of the society. Besides advising the 
Government in connection with scientific under¬ 
takings of national importance, the society had 
always the authority of appointing the British 
delegates to the meetings of the International 
Research Councils. One of the most important 
duties which the Royal Society performs on 
behalf of the government is the administra tion of 
the annual grants for the promotion of scientific 
research in different disciplines and also for the 
International Collaboration and Exchange Pro¬ 
grammes with other Academies*. 

The fellowship of the Royal Society is 
considered asan international recognition of the 
eminence of a scientist. The list of the Fellows 
includes illustrious names like Newton, Davy, 
Faraday, Rutherford, Thomson, Eddington, Bragg, 
Einstein, Bohr, Dirac, and many others whose 
contributions led to the evolution and further 
expansion of the frontiers of knowledge in the 
different branches of Science and Technology. 
Besides renowned scientists from the Common¬ 


wealth countries and the Irish Republic, 'foreign 
members are selected by the Council from 
among men of the greatest scientific eminence 
abroad, and proposed to the Society for election'. 
The current fellowship list consists of a little over 
one thousand fellows and the same for foreign 
members nearly one hundred. 

The first Indian to be elected as a Fellow 
of the Royal Society was ArdaseerCursetjee (1808- 
1877). He was elected as early as 1841 in recog¬ 
nition of his pioneering work in the art of ship 
building and in the improvement of the associ¬ 
ated engineering technic|ues. After nearly a span 
of seventy seven years, the mathematical genius, 
Srinivasa Ramanujan was elected in 1918, fol¬ 
lowed by Jagadish Chandra Bose iii 1920. Since 
then many other distinguished Indian scientists 
have been elected to the prestigious Fellowship 
attherateof a tleast one or a few per decade. The 
names adorning the list are given hereunder 
with their respective years of election; 

Ardaseer Curseljee (1841); S. Ramanujan (1918), 
J. C. Base(1920);C. V. Raman f 1924);M. N. Saha 
(1927); Birbal Sahni (1936); K S. Krishrmn 
(1940); H. j. Bhabha (1941); S S. Ediatuagar 
(1943); P. C. MahaJanobis (1945); D. N. Wadia 
(1957), S. N. Bose and S. K. Miira (RCxS); T R. 

* VarlKular mention may be made of the exi-lhoi^c programmes 
with India. The National Institute of Sciences of India—NISI 
(renamed as the Indian National Science Academy —tiVS/l in 
February 1970) was established in January 1935 on the model of 
the Royal Society, Ixmdon. Besides the regular two way exchange 
programmes there is an additional link with thcINSA through the 
Blackett Memorial Lecture This was established jointly by the 
Royal Society and the INSA m 1975 The leeXure is being delivered 
every second year alternately in India by a British Scientist and in 
Britain by an Indian Scientist. 



Seshadri (1960); P. Mahcswari (1965); C. R. Rao 
(1967);M.G. K. Menon (1970); B. P. Pal (1972); 
M. S. Sivamimthan (1973); G. N. Ramachandran 
(1977); D. I/j/ (1979); A. S. Paintal (1981); 
C. N. R. Rflo (1982); S. Chandrasekhar (1983); 
Obaid Siddiqui (1984); R. Ramalingaswami 
(1986); C. Gopalan (1987); A. P. Milra and C. S. 
Seshadri (1988). 

The broad subject wise distribution of 
the Fellowships is as follows : Physics (12); 
Chemistry and Medical Sciences (3 each); Mathe¬ 
matics, Statistics, Botany and Agricultural Sci¬ 
ences (2 each) and EngineeringSciences, Molecu¬ 
lar Biology and Geological Sciences (1 each). Of 
these twenty-nine illustrious Indian scientists, 
fifteen Fellows have since passed away. 

Dr. A. P. Mitra, Director General, Coun¬ 
cil of Scientific and industrial Research, Govern¬ 
ment of India, and Dr. C. S. Seshadri, Professor, 
Institute of Mathematical Sciences, Madras have 
been elected to the Fellowship of the Royal Soci¬ 


ety this year. As is the usual custom, in a solemn 
function at an early date they will be individually 
received by the President of the Royal Society in 
London with these words: 7 do, by the authority 
and in the name of the Royal Society of London for 
improving ruiturnl kriotvledgc, admit you a Fellow 
thereof. 

Theelc'ction of Dr. A. P. Mitra and of Dr. 
C.S.Seshadri to the prestigious Fcllowshij:)of the 
Royal Society is an honourable recognition of 
their personal contributions for 'Improving Natu¬ 
ral Knowledge' in their respective fields of spe¬ 
cialization,—Radio & Space Physics and Alge¬ 
braic Geometry. Their inclusion in the list of the 
galaxy of outstand ing scientists also brings glory 
to the presen t status of Science in India for which 
they deserve our heartiest felicitations. □ 

M. K. Das Gupta 

References : Year Hooks and the Hiographical Memories of 
the Fellows of the Royal Society and the INSA and Science & 
culture. 


NATURAL RESOURCES AND INTEGRATED RURAL 
DEVELOPMENT IN HIMALAYA 

N. P. MELKANIA* AND UMA MELKANIA* 


Forests and grasslands have a significant role in the functioning of the ecosystem in the Himalaya. In 
the present communication, the status of the natural resources and their significance in generating 
employment for the inhabitants arc examined. People's participation in the dcvclopm'’ntal programmes 
like afforestation, etc., can solve the increasing problems of resource conscivation, environmental hazards 
and outward migration. 


THE Himalayan region constitutes a major 
part of a hilly land continuum whose mean¬ 
ings for human progress are undergoing a rapid 
change. This hilly continuum starts from Ka¬ 
shmir, Himachal Pradesh and eight hill districts 
of U. P. in west; Kingdom of Nepal in central; 
Sikkim, Darjeeling, Arunachal Pradesh and Pro¬ 
tectorate of Bhutan in east to Assam, Nagaland, 
Manipur, Tripura and Meghalaya in North-east- 

98 


em part of the sub-continent. There are commu¬ 
nities like /ohari, Bhotia, Newar, Naga, Marchayas, 
Kumauni and Garhwali( ind'iQQnous) And Gujjars 
and }ads (migrants) which serve the bridge role 
in this border region of the country. The paradox 
of the Himalaya is th at it is endowed with 

* Department of Environmental Sciences, College of Basic 
Sciences & Humanities, G. B. Pant University of Agric. 
& Tech., Pantnagar-263 145, U.P., INDIA 
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immeasurable natural wealth in the form of for 
est proclucts,-variety of food grains and ever- 
flov/ing rivers like Alakhnanda, Bhagirathi, 
Yamuna, Mandakini, Pindar, Saryu, Ramganga 
andKali. Thedensityof population in this region 
is low compared to plains. The people living in 
these remote areas are among the poorest in the 
country. The present economy of the region is 
based primarily on money orders from migrants. 
The mar power (educated and uneducated) is in 
surplus in the hills, to which the present level of 
agricultural technology is unable to absorb. As a 
result, they migrate out on long sojourns to the 
plains. This could be described as "skill drain" 
comparable to "brain drain" in the underdevel¬ 
oped and developed countries. The migration of 
educated youth to plains not oirly influence the 
socio-economic conditions of the region but also 
weakens the border region of the country. The 
present communication is an attempt to elabo¬ 
rate the present state of natural wealth in the 
Western Himalaya and its possible role in gener¬ 
ating employment for the surplus man power of 
the region. 

Present status of natural resources 

Forest stock and development Conflicts : 
About 53.2% of the land area is under a variety of 
forest covers which constitute about 24.61% of 
the total forest area of the country'. These wood¬ 
lands not only provide raw material for direct 
use of inhabitants and industries but also main¬ 
tain hydro-ecological cycle of the country. The 
forests are controlled by various agencies as 
given in Table 1. 

The growing stock of forests under the 
control of Forest Department in U. P. hills is 
estimated about 60 million m^. The growing 
stock of civil, soyam and panchayat forests have 
notbeen assessed scientifically and areestimated 
to be 10% of areas assessed. The annual incre¬ 
ment to forest stock is estimated at 0.78 million 
m^ Considering the present state of exploitation, 
the carrying-capacity of these forests* would be 
over-reached by 2031. Further more, regenera¬ 
tion of the tree species of manifold significance 
VOL. 54, NO. 4 


TABLE 1 


Classification of forests 

Area (km*) 

Area under the control 

of Forest Department 

23,770* 

Qvil & Soyam Forests 

7,600 

Panchayat Forests 

2,450 

Private, cantonment and 

municipal forests 

230 


34,050 •* 


•The area includes land under snow cover, alpine pastures, 
rocks and blanks. 

••The actual area covered with forests is only 41% of this 
area. 

(Source; Govt, of U. ?. I Iill Deptt., "Forest Development 
in the Hills of Uttar Pradesh", Status paper presented at 
the Seminar on Hill areas held at Nainital, April 14, 1980, 
organized by the Giri Institute of development Studies, 
Lucknow and Planning Commission, Government of 
India, New Delhi). 

like Quercus leucotrichophora is posing an alarm¬ 
ing condition. According to the study conducted 
in Government house forests, NainitaP, it was 
observed that the density of saplings recorded 
for Q. leucotrichophora and Q.floribunda was 5.5/ 
100 m^and 57.5/100 m^ respectively, whereas of 
the former species no seedlings were recorded. 
The pressing influence of biotic factors (lopping 
and cutting of trees, infestation of seeds by in¬ 
sects, pests and plant pathogens) together with 
abiotic threats (e.g., poor site conditions, etc.) 
aggravate the situation. 

Recently, afforestation programmes 
have been conducted by the Government. But 
keeping in view these programmes, the gross 
annual incremental rate is assumed to remain at 
0.78 million m^/annum. The net annual deple¬ 
tion of forest stock thus amounts to 3.76 million 
m^/annum, showing thereby the exploitation 
policies of the Government due to which the 
forest capital is being sweeped away^ The situ¬ 
ation, therefore, needs people's participation for 
conservation and development of the forest 
stock. 

The Government policies have a ten¬ 
dency to overlook the human aspects of forest 
development. The local people have been 
blamed a lot for the exploitation of these forests. 
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It is only in recent years thatthe ruthless destruc¬ 
tion of forests have been done by greedy contrac¬ 
tors for their own benefitsand sometimes unwise 
programmes. Moreover, plantation of the conif¬ 
erous and Eucalyptus species is another conflict 
among the planners and the inhabitants. The 
conflict of the choice of species is the real cause of 
the failure of a successful afforestation pro¬ 
gramme which curb the involvement of the local 
people in the development and management of 
the forests. It is desirable that the developmental 
strategy with respect to the conservation of natu¬ 
ral resources should be such that the privileges of 
the forest dewllers not be taken away. 

Potential and problems of grasslands: The 
grasslands in Himalaya, except those occurring 
in sub-alpine and alpine regions (meadows and 
buggyals) are serai in nature and are maintained 
by fire or grazing. These have arisen as a result 
of abandoned cultivation of deforestation®, thus 
exhibit bio-edaphic climax. The productivity 
and quality of the indigenous fodder species are 
low compared to grasslands in other countries. 
There are wide variation in their production 
potentials probably due to varying management' 
practices, topo^aphic and altitudinal vari¬ 
ations. In general, the production potential of 
mid-Himalayan grasslands ranges between 
19.66 Q ha-’ (under poor soil substratum) to 30.32 
Q ha'* (under good soil substratum) on fresh 
weight basis®. The intensity of grazing has al¬ 
ready crossed the carrying capacity of these 
grasslands^'*. The average yield level under par¬ 
tial protection during monsoon period is alx)ut 
24.70 Q ha** which goesdown to 7.20 Q ha'*under 
continuous grazing®. 

Projected requirement and availability 
figures for fodder show that even at the present 
rate of grazing pressure, the carr 3 dng capaci ty of 
the civil/soyam/panchayat/community lands 
would be over reached shortly and an 
irreversible reaction will start^. Therefore, con¬ 
tinuous grazing of these grasslands should be 
prevented immediately. A simple enclosure of 
the continuous grazed grounds atleast for five 
years will be effective in establishing the regen¬ 
eration of the palatable grasses®. Such protected 
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system could be used for grazing later on, with a 
partial enclosure during July to October. Addi¬ 
tionally, the rotational grazing will help in man¬ 
aging the grazing fields. 

The results of surveys conducted 
around Almora in the mid-Himalayan region 
indicated that there are about 56 species of 
grasses in the region’ but only a few {Heteropogon 
contortus, 48.79%; Chrysopogm fulvus 9.09%; 
Imperata arundinacea 5.47%; Eulalia trispicata 
3.97% and Mnestithea laevis 3.48%) contribute 
maximum to the production potential of these 
grasslands. Only a few grasses, viz., Chrysopogon 
fulvus, Pennisetum flaccidum, P. orientale and 
Eulalia trispicata are preferred to by animals; 
while species like Cymbopogpn distans, C.juaran- 
cusa, C. stracheyii, Ischeun albens and Eragrostiella 
nardoides, reduce the palatability of the hay due 
to poor nutritive value***. Heteropogon contortus 
constitutes the major part of standing crop of 
ihese grasslands bu t is not palatable after flower¬ 
ing due to the development of spiny awns. 
Species of Cymbopogon are preferred to by cattle 
only during hot summer because the excessi:^|* 
di^ng of their hay in open a tmosphere tog^»j^^" 
with leaching or volatilization of aromatic 
stances during winter and spring months m 
palatable, compared to its fresh-hay stage. 

besides germination vigour and grov.' 
these grasses are influenced by several biolog^ 
agents. There are a number of shrubs and wf 
in the grasslands (c.g., Anaphalis aran&m, 
isia vulgaris, A. parviflora. Euphorbia angusl^^ 
Crataegus cranulata, Berberis lycium, Tagetes 
and salvia lanata) which influence adverse*^ 
growth of the grasses. It has been invest, 
that Artemisia vulgaris and Salvia lanata pre® 
some water soluable phytotoxic substa 
which inhibit the seed germination and seedl. ^ 
growth of the associated grasses and other dicoc 
angiosperms. 

The existing forest cover also deter¬ 
mines the structure of the forest floor vegeta¬ 
tion*^. In middle-Himalaya, the bulk of the forest 
is occupied by Pinus roxburghii which produce^^ 
a thick carpet of dried needles on the forr 
ground. This not only inorease acidity in soi’ 
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also prevent light penetration, thus, deteriorates 
the quality and quantity of the light needed for 
germination of grass seeds. It was observed that 
all parts of P. roxburgkii (i.e., young developing 
leaves, old mature leaves, leaf and wood litter 
and soil around the tree) inhibit the germination 
^nd ultimately the growth of selected harba- 
ceous species”' Therefore, rapid encroach¬ 
ment of such deleterious species over grasslands 
and other areas of broad-leaf vegetation must be 
managed properly. 

Aquatic Ecosystems : Both the running 
(e.g. rivers) and stagnant water bodies (lakes and 
wetlands) are evident in the Himalaya. The lakes 
and wetlands represent the significant recrea¬ 
tional resources of manifold significance. Com¬ 
pared to the rivers, the latter have been deterio¬ 
rated extemively by glacial or man-made silt 
load«nd other anthropogenic activities”. The 
high altitude lakes are mostly oligotrophic and 
supported by snow-melt and precipitation, 
whereas the mid- and low-elevational lakes re¬ 
ceive water from local drains and represent 
advanced sta^ of trophic evolutiort These 
aquatic systems offer a variety of resources to 
local inhabitants, e.g., fishes as protein-rich food, 
crabs, aquatic weeds for animal fodder, etc. Due 
to extensive biotic pressure, these resources are 
becoming scarce. These ^sterns, if managed 
scientifically, could be the source of local em¬ 
ployment in the region. 

Fossibilities for Rural Employment 

/ (a) Forhtry—a tool for occupation: Hima- 
ftfya is characterized by different types of forests 
and forest products”' ”, even in the same dis¬ 
trict”. A number of small-scale industries, viz. 
tea cultivation, mushroom cultivation, apicul¬ 
ture, sericulture, medicinal and aromatic plants 
and other forest based industries (match indus¬ 
try and paper industry) are based on these for- 
5sts. But the forests have so far played a very 
insignificant part in the development of the re¬ 
gional economy. Though the traditional forest 
rights of the people have been curbed in the name 
3f forest-resource conservation, the planning of 


exploitation of the forest resources conunucs to 
be detrimental to the interests of the inhabitants. 
This has produced a sad reaction. Therefore, 
people's participation in preservation of the for¬ 
est is becoming hard to achieve. 

Life is difficult for lack of adequate and 
proper supplies of food, fuel, equipments and 
drinking water. Fifty to 80% labour days are 
wasted due to lack of adequa te employment, and 
upland dry agriculture provides employment 
only for 126 days a year per worker”. Hence, 
immediate attention is needed to develop for¬ 
estry based programmes in this region. This will 
not only develop awareness among people but 
also help tremendously in utilizing the surplus 
manpower of the region. The role of the forestry 
especially, social forestry in generating employ¬ 
ment has been described elsewhere”. 

(b) Agroforestry concept The Himalayan sys¬ 
tem covers an area of 7,78,878 km* and has a 
pbpulatitm of 5^.42 million in 1981; leaving 
Nepal and Bhutan, the Himalaya in the Indian 
sub-continent comprise and area of4,70,367 km* 
which forms 14.37% of the total area of the coun¬ 
try and are inhabited by 42.96 mUlion peoplp, 
accoimting for 6.28% of the population of the 
country. About 16% of the total reported area in 
Western Himalaya is under agriculture which 
serve the only existing source of employment in 
this region. The human population has in-^ 
creased for 3.82 million in 1971 to 4.78 million in 
1981 at a compound rate of 2.28% per annum. 
According to 1971 census”, 75.8% of the workers 
are engaged in agriculture, while the cultivated 
land for agricultural worker is only about 0.68 ha 
as against 0.83 ha state average. 

The increasing agriculture has its own 
problen\s. Economic analysis of significant in¬ 
put-output parametersof agriculture inU.P. hills 
(Table 2) indicated that in five years of progres- 
siveagriculture between 1974-75 tol978-79, a 3% 
increase in food production was accompanied by 
a 8.99% increase in agricultural land and 2.56% 
increase in the distribution of total fertilizer in the 
form of NPK”'*°. This shows a negative response 
of yield potential to the extra energy added as 
fertilizers and fossil fuels required for cultivation 
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TABLE 2: Relationship among area, ^in production and fertilizer input in Uttar Pradesh 


1974-75 _ 1978-79 


Category 

HiUs 

Total U.P. 

HiUs 

Total U.P. 

HUis 

Total U.P. 

Total area under 







food grains (ha) 

862929 

18653854 

974494 

19895375 

111565 

1241521 

Total grain Production 

(4.63) 


(4.90) 


(8.99) 


(m tons) 

993759 

16327799 

1197228 

23107728 

203469 

6779929 

Fertilizer distribution 

(6.05) 


(5.18) 


(3^) 


(m tons) 







N 

10047 

329178 

21201 

772135 

11154 

750934 


(3.05) 


(2.75) 


(1.49) 


P 

2293 

49069 

6832 

206873 

4539 

157804 


(4.67) 


(330) 


(2.88) 


K 

1997 

31556 

2936 

79398 

939 

47842 


(632) 


(3.70) 


(1.96) 


Total 

14337 

409803 

30969 

1058406 

16632 

648603 


(3.50) 


(2.93) 


(2.56) 



Parentheses values denote per cent value that of the whole Uttar Pradesh. 


and harvesting. Moreover, deforestation, ex¬ 
pending agriculture and cultivation in unpro¬ 
ductive marginal, steep slopy terrain without 
considering the land capability, are causing 
massive environmental degradation and dete¬ 
rioration of the land resources^^ Unless properly 
terraced, the productivity of such lands will go 
down further and erosion hazards will increase. 

The strategy for judicious land-use pat¬ 
tern in the hills should be productivity increases 
through agroforestry which will not only fulfil 
the requirements of food, fuel and shelter simul¬ 
taneously but also provide employment to 
people. The agroforestry programme should 
aim at - 

(1) The selection of species according to the 
basic needs and choice of the inhabitants. 

(2) The priority should be given to indigenous 
materials as they fulfil needs of the people 
and well acclematized for the hill environ¬ 
ment. Some indigenous species suitable for 
agroforestry and silvipasture are listed in 
Tables. 

(3) The exotic species selected for planting 
must be studied scientifically for their dele¬ 
terious effects, if any, on the existing vege¬ 
tation and agricultural crops. 
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(4) Preference should be given to multilayered 
polyculture involving broad-leaf species of 
manifold significance. 

ic) Watershed management: In Himalaya, the 
run-off from tlie land duringmonsoon causes de¬ 
terioration of site-quality and soil-moisture defi¬ 
cit during dry periods. This together with faulty 
traditional methods or cropping on outward 
slopy terraces reduces the productivity of land. 
Watershed management programme in the 
Himalaya has a great potential for employ- 
ment“, thus, help significantly in uplifting the 
rural economy. 

The erosion of land by the monsoonal 
floods can be prevented by making small earther 
"check tanks" of stones along the slope of rivu¬ 
lets and a large one at the base of it. The rain 
water can be collected in these reservoirs. This 
should be followed by plantation of water-con¬ 
serving tree species, e.g., Alnus nepalensis, Salix 
spp., Quercus leucotrichophora, Q. floribunda, 
Prunuspuddum and Ficus religiosa and control of 
grazing on the slopes along the water channels. 
The series of trenches along the contours of the 
slope of terrain will help in traping the silt and 
water, supporting a quick growth of trees and 
grasses. This will rvpt only prevent the soil run- 
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TABLE 3 i Ptaal tpcdM tnUablt Ew afroloptttiy and dcvclopmtiit ol gmthnd* !a Himalaya 


Spades 

Locdname 

Eoologicd zone 

Utility 

TREES 

Aesculus idicg 

Pangar 

Dry trop>temp 

Fw. MCr M 

AIntu nepalensis 

Udis 

Moist sub-trop-temp 

Fw.Wm 

Sauhinu purpurta* 

Queral 

Temp. 

Fw, F, Flower, edible, M 

B. ntusa* 

Kanol 

Sub-trop 

Fw,F. 

Boehemeria rugulosa 

Gethi 

Sub-trqi 

Fw, F, Utensils 

Castenea saliva 

Sweet chestnut 

Sub-trop-temp 

Fw, Fr. 

Corylus colunta 

Kapad 

Temp-Sub alpine 

Fr,M 

EmMica officinalis* 

Amla 

Trop-Temp 

Fr, M 

Fkus macTophyll 

TimU 

Temp 

Fw,F,Fr,M 

F. palmla* 

Beru 

ft 

Fe,F,Fr 

Grewia optiva 

Bhimal 

Sub-tn^temp 

Fw, F, Fibre,'Sc. 

Malus sylvestria 

Seb 

Moist temp 

Fr 

Melia azedarach* 

Batain 

Moist trop-dry temp 

Fw,F 

Morus serrala* 

Kimu 

Sub-trop-temp 

Fw, F, Farm implements 

Ougmia oojenensis 

Sanan 

Sub-trop 

T,Fw,F 

Prunus persica 

Aru 

Temp 

Fr 

P. puddum 

Paiya 


Fw,F 

Pyrus communis 

Naspati 


Fr 

P. pashia** 

Mehal 

II 

Fw 

Toona ciliata* 

Tuni 


T, Fw, F (pocMT quality) 

SHRUBS 

Agave americana* 

Rambans 

m 

Fibre, Fe 

Berberis asutica* 

Kilmora 

Sub-trop-temp 

Fw, F, Fr, M, Fe 

B. fycium* 

m 

« 

Fw, F, Rr, M, Fe 

Crataegus cranulata 

Ghlngaru 

Temp 

Fr, Farm implement, Fe 

Rubus dliplkus 

Pila Hisalu 

n 

F,Fr,Fe 

HERBS AND CLIMBERS 

Apluda mutica 

Chhari-ghas 

II 

F 

Arundinella nepalensis 

- 

ti 

F 

Chrysopogon fulvus 

Ghoria 

m 

F,Sc 

Desmodium spp. 

- 

m 

F 

Eulalia Irispieau 

- 

ft 

F 

Mnesithea hems 

- 

n 

F 

Pennisetum fiaccidum 

Bimalsiya 

m 

F,Sc 

P. orientale 


ft 

F,Sc 

Saccharum sponteneum 

Kadi 

Sub-trop-temp 

Sc 

Themeda anathera 

* 

Temp 

F 

Tinospora cordifolid*** 

Gurj 

n 

F,M 


* Spades reproduce vegetativdy by ooppidng. 

** Spedes reproduce by root sudcers. 

*** Spades could be propagated by stem-fargmenis. 

Abbreviations: T—Umber; Fw—Fudwood; F—Fodder; Fr—Fruits; M—Medidnal; Fe—Fencing; 
Sc—Soil conservatitm; Wm —Watershed numagement 
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off but also save the agricultural land. Addition* 
ally, the reservoir will provide a water bank for 
thevillagoe. Because of this water share, crop¬ 
ping system, fodder and tree growing, every 
hectare of land will provide productive employ¬ 
ment and revenue to the villagers. 

(d) Animal husbandry and agrostology : Almost 
all the farm families have cattle for use as draft 
animals, goats and sheep for ritual sacrifice and 
wool, mule and horses for transport and bullocks 
to pull the ploughs for maintenance of agricul¬ 
tural lands^. Each farm family maintains 5-6 
cattle units (one or two bullocks, a cow and/or a 
buffalo and 2-3 young ones for replacement) as 
livestock component. Additionally, a large 
number of goats and sheep are kept by some 
families in mid* and higher-Himalaya. The ani¬ 
mals are dependent principally on natural fod¬ 
der (fresh green grass and dried hay) and top 
feeds. About 80% of fodder requirement is met 
from pastures, fodder trees and forest .ground 
vegetation. The animals are grazed on pastures 
and forest grazing lands during day hours and 
only night fodder is given to animals. The stall- 
feeding of cows is very rare. The farmers keep a 
large number of unproductive animals, primar¬ 
ily for dung, (an essential for hill agriculture) as 
manure. Thus, the animals are cnu^ link in the 
mountain ecosystem. Thqr not only broaden the 
food-resource baseof human being through their 
ability to digest and convert vegetal materials 
which humans cannot assimilate into forms they 
can assimilate”, but also generate employment 
for people in the form of milk enterprise and 
animal enterprise. The animal husbandly needs: 

(1) Improvement in the quality of domestic 
animals. 

(2) Improvement in the fodder potentials of 
grasslands and community lands which 
can be achieved by (i) scientific manage¬ 
ment of grasslands with special attention 
on grazing capacity, palatability and nutri¬ 
tive value of grasses; (ii) intrt^uction of 
suitable legumes and grasses; and 
(iii) luting fast growing fodder trees in 
community lands. Some suitable indige¬ 
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nous grass ^ledes for the development of 
grasslands are listed in Table 2. 

(e) Farmingofmedkinaland aromatkplanis: The 
hill region, at present, possesses agriculture and 
a trace of horticulture as the only base for rural 
industries. Medicinal and aromatic plants can 
play a dynamic role in improving the rural econ¬ 
omy of this region. It is estimated that at present 
about 2(X) medicinal and aramatic herto from 
Kumaon Himalaya are commercially collected 
from wild sourced. The regular supply of these 
herbs from their abode now needs conservation 
and management in a judicious scientific manner 
•either by planned extraction (e.g., Nardostachys 
jatamansi, Jurinea maaocephah, Skimmia laureola, 
Swertia chirayita, etc.) or cultivation of economic 
species (e.g., Pkrorrhiza kurroa, Valeriana jata¬ 
mansi, Hedydiium spicatum, Acorus calamus and 
Punka granatum, etc.) in different agroclimatic 
conditions. A proper incentive should be given 
to the fanners interested in cultivation of medici¬ 
nal herbs. The farmers should be ensured about 
the proper disposal of their produce to get eco¬ 
nomic Irenefits. 

(f) Pisciculture: Himalaya is the abode of many 
loticand lentic water bodies which contain about 
more than 30 cold-stream fishes like Mahaseer 
{Tor tor and T. putitora ), Asela iSchizothorex spp.) 
and Unera (Labeo dero ). The inhabitants utilize 
leaves of some plants {Agave americana. Yucca 
spp., Ehododendron arboreum, Juglans regia and 
Sapium insigne) for catching fishes. This creates 
toxicity in these neat and uncontaminated abode 
for acquafauna”. In addition to this, the dyna¬ 
miting in hill streams sweeps out the whole 
progeny (egg to adult) of fishes. The lakes and 
the wetlands are the source for tourism. The 
former also support the potable water demand of 
some districts in the region. 

The results of investigations in lakes, 
wetlands and some hill streams indicated pollu¬ 
tion and a decline in fish-fauna in the region^'’’ 
due to unprecedented upsurge in human popu¬ 
lation in toe catchment areas, deforestation and 
faulty methods of fish catching. There is an 
urgent need to fish-polyculture in the region. 
Researches on cold-water fisheries, including 
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induced breeding will be much helpful in meet¬ 
ing the requirement of protein-rich food. 

The tanks developed along the slope of 
terrain for watershed management will provide 
the reservoirs for fish culture, thereby generate 
employment for the inhabitants. 

(g) Regional scientific education: Jawahar Lai 
Nehru and Indira Gandhi had emphasised the 
necessity of inculcating a scientific culture and 
temper among the people for initiating the re¬ 
gional development, emphasis be laid on scien¬ 
tific education and spread of technical 
knowhow. No doubt, we have achieved a lot in 
different fields of research but the implementa¬ 
tion of the technologies developed is not proper. 
Since most of the agricultural ojjerations, in hills, 
are carried out by women, without proper 
knowledge of the modem technology, scientific 
use of biological resources and their conserva¬ 
tion to the women it will not be possible to 
achieve a breakthrough in productivity and ulti¬ 
mately in the economy of the region. Therefore, 
some rural-education programmes should be 
formulated and suitable educated local people 
should be selected for this task which will make 
a sure success of the education programme even 
in regional languages. Additionally, this will 
also help in preventing outward migration of 
educated youth in search of employment. 

The women power in Himalaya is ne¬ 
glected. At present, there is considerable wast¬ 
age of women power by keeping them engaged 
in domestic chores. Hence, integrated efforts 
should be made to extend labour-saving devices 
in the region so that women could find more time 
to devote to other constructive activities like 
knitting and carjTet industries, etc. 

Conclusions 

The Himalayan forests provide several 
biological resources of unconventional food 
plants, medicinal and aromatic plants and forest 
products. These forests cannot be protected 
unless problems of fuel and fodder are solved. 
There is an urgent need to formulate foresby- 
based plannings for the region which will not 
only fulfil the essential requirements but also 
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offer employment to rural people, thus reverse 
the outward migration (seasonal, semi-perma¬ 
nent and permanent). There should be a conser- 
vational use of natural resources, keeping in 
view their danger of depletion and environ¬ 
mental degradation. The technology should be 
developed considering the needs and socio-eco¬ 
nomic constraints of the people. The proper 
policy for this region should be based on inter¬ 
mediate technology (judicious application of 
modem technology with old viable practices). It 
should aim at the utilization of focal raw materi¬ 
als, local enterprises and local skills to the maxi¬ 
mum which will encourage the local people for 
cultivation. Where cnterpreneurship and skills 
are lacking, there should be a strategy of building 
up the same within a reasonable period of time. 
The land-utilization pattern should be based on 
a proper assessment of the products which can be 
grown easily in the agrodimatic conditions of 
Himalaya. The tourism should be extended 
according to the carrying capacity of the region. 
Before adapting any developmental progranrune 
(social or scientific), their adverse effects on the 
ecosystem must be taken into consideration. 
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SOME CONJECTURES ON THE NATURE OF ENERGY AND MATTER 

HASMUKH K. TANK* 


1. Introduction 

O OME of the most fundamental problems be- 
fore current physics are: 

(1) What is the ^ndamental theory of matter 
and how to reconcile gravitation with the 
other known interactions of matter; 

(2) Why energy is quantized and how to grasp 
the deeper significance of the calculations, 
showing that the sum of rest-mass-energy 
and the gravitational potential energy of the 
whole universe is zerol 

(3) Why quantum mechanics is probabilistic; 
and 

(4) How various conservation-laws are inter¬ 
related. 
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As an attempt to seek solutions to these 
problems, some conjectures on the nature of 
vacuum, energy and matter are presented here. 

The General Theory of Relativity de¬ 
scribes gravitation as the curvature of space-time 
produced because of the presence of matter. 
Though this description is the most genius work 
to explain^ 'action at a distance' in geometric 
terms, it does not offer any mechanism for how 
exactly the presence of matter can cause the 
curvature. Albert Einstein intuitively strongly 
felt that there must be a way to unify gravitation 
and electro-magnetism in geometric terms, and 


*Space Applicati(»it Centre (ISRO), Ahinedabed-380 053 
(India) ^ 
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he worked hard throughout his life to achieve 
this goal. Accordi ng to his ultimate vision, which 
he never "proved" (demonstrated mathemati> 
cally), "A piece of matter also is a curvature of 
space-time-continuum"^. Partly in tune with 
Einstein's vision, it is proposed here that a piece 
of matter actually may be a process of curvature 
fluctuations of space-time-continuum. 

For theclarity of description first of all let 
us define a few terms. 

2. Definitions of the Terms Used 

2.1. Space and Time: 

The first and foremost fact, which we 
have taken very much for granted, is that we are 
conscious of our surroundings. This fact is at the 
base of all sciences. Science is an attempt to 
organise and consistently describe our experi¬ 
ences. The main feature of our experiences is the 
ceaseless change in what we perceive. 

To describe these subjective experiences 
of dynamic surroundings, we have non-verbally 
mutually agreed upon a—subjective, mental 
abstraction i.e. a concept of empty, non-moving 
'space' and constantly running 'time'. 'Space' 
and 'time' are defin^ here, simply as the co¬ 
ordinates of our consciousness. They are not the 
entities of objective, physical world. 

2.2. Vacuum: 

The very fact that we have to attribute 
the properties like curvature and flatness to so 
call^ "space' in the General Theory of Relativity 
implies that the part of objective world, conven¬ 
tionally called "space" is not an absolute void or 
nothingle^. Just as it is meaningless to talk about 
the size of "rabit's horn", so exactly it would be 
meaningless to talk about the curvature of 
"space" if the so-called "space" were really an 
absolute void. 

To discriminate from the conventional 
notion of emptynessassodated with "space", we 
shall be using a term 'vacuum' for the part of 
o^ective world where matter-particles and ra¬ 
diation are not present. 
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3. Postulates 

3.1. Vacuum is a super-flexible-continuum 
(SFC), extended up to infinity in all the direc¬ 
tions. And, because of its super-fladbility, some, 
part of it is continuously-vibrating or fluctuat¬ 
ing with reference to its surrounding vacuum. " 

(It will be obvious, after going through 
the next two sections lat a part of vacuum, 
moving rectilinearly wi'h a constant velocity Is 
not a physically allowed px)ssibility in the super- 
flexible-continuum. So the question raised by 
the Special Theory of Relativity, as how to dis¬ 
criminate a constantly moving medium from the 
steady medium, does not arise.) 

3.2. The-effects of fluctuations in vacuum are 
transmitted with a finite and constant velocity, c. 

4. Units of Space and Time 

(i) Time: A unit of time is an arbitrarily chosen 
unit. 

(ii) Length: A unit of length can be derived as — 
"a distance travelled by fluctuations in vac¬ 
uum in a unit time" i.e. c. 

5. Possible Pattern of Vacuum—^Fluctuations 

We have postulated vacuum to be a 
super-flexible-continuum (SFC). So, when a 
small labeled volume 'A' of SFC moves in any di¬ 
rection, the volume of SFC behind 'A' will also 
have to move because SFC is continuum. This 
chain of displacements in SFC must complete a 
circle as shown in Fig. 1. 

The maximum velocity of displacement 
of any labeled volume, about any axis can be 
equal to c. At this velocity there cannot be any 
further relative change in the positions of points 
near the centre because the effects get transmit¬ 
ted in all the radial directions with the same 
velocity c. Further relative change in the position 
of points is possible only if the labeled volume 
move about some other axis. This displacement, 
say, about Z axis, can turn to X ami Y axes 
respectively, such that a labeled volume in SFC 
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Rg. 1. When a small volume A in the continuum moves to A', all the other volumes I, H, G, F, E, D, C, B also shall move 
to new position—r, H', G', F, E, U, C, B' respectively. 

forms a closed path on the surface of a sphere as the SFC in the neighbourhood of it also has to 
described in the next paragraph. fluctuate, as shown in Fig. 2 (d). The effects of 

First, let us ima^ne a rod AB fixed at its fluctuations in SFC will get transmitted along all 
centre 'O' as shown in Fig. 2 (a). Now, imagine radial directions. So these fluctuations will give 
the above rod rotating, such that both of its ends rise to a spherically symmetric wave-packet as 
A and B form circular paths. PortionsOAandOB shown in Fig. 2 (e). 

shall form cones because the rod is fbced at its From the above discussion it is obvious 

centre 'O'. Please see the Fig. 2 (b). Next, let us that spherically symmetric wave-packet is the 
imagine a spherical shell fbced to rod AB such only possible pattern of sustained and localized 
thatrod AB forms its diameter. When the rod AB fluctuations in vacuum-continuum. It means 
rotates as shown in Rg. 2 (b), the Whole spherical that there can be only integer number of such 
shell will also rotate about its all the three axes, patterns of fluctuations in the vacuum-contin- 
and each and every marked point on its surface uum. So called "particles" of matter and 
will form a circular path, as shown in Fig. 2 (c). "quanta" of energy are actually the spherically- 
Hnally, let us imagine the above spherical shell symmetric patterns of vaccum-vibrations as per 
as a part of super-flexible-continuum (SFC). theconjecture,presentedhere.Itisbecauseofthe 
When the spherical shell in SFC rotates as shown, continuum nature of va(;uum, that energy aiu! 
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Fig. 2 (e). %dieilcally symmetric pattern of fluctuations, generated in a super-flexible continuum 


matter are always found in the form of quanta be mathematically expressed as a function of 
called "photons" or grains called "particles". space and time —'¥ (x, t). And, at a given instant 
The vacuum-fluctuations, forming a spheri- 't'. the fluctuations of Fig. 2 (e) can be expressed as 
cally symmetric pattern as shown in Fig. 2 (e) can shown in Fig. 3. 
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(a) V(r) = 

T 



r ? ** 

Total energy = [Ae* . e^^P.dr 
It is obvious that the above integral will converge to a definite value. 


Fig. 3, One-dimentional representation of vacuum-fluctuations. V(r) represents the amplitude of fluctuation at a given 
instant (t) as a function of radial distance (r) from the centre 


Please recall that among various solu¬ 
tions of Schrttdinger equation, only the square- 
integrable function describes the physically real¬ 
izable particle*. Where as a possible pattern of 
fluctuations in the vacuum-continuum has auto¬ 
matically yielded a square-integrable wave- 
function. 

6. Some Gross Terms to Describe Vacuum- 

Fluctuations 

The process of vacuum-fluctuations, 
forming a spherically symmetric patterns can 
also be described using the following terms: 

6.1. Field: The vibrating part of vacuum can be 
termed as the 'field'. 

6.2. Field Intensity : Field intensity can be de¬ 
fined as the Intensity of fluctuations at a 
given radial distance from the centre of the 
patterns, where 'intensit/ means— 


6.3. Charge : There is something cqmmon among 
all the spherically symmetric patterns of vac¬ 
uum-fluctuations, termed as 'charge'. 'Charge' 
describes the intensity of fluctuations at the sur¬ 
face of the spherical shell of radius r., where it is 
the maximum. 

We have seen that any labelled dot on 
the surface of a spherical shell moves in a circular 
path. Secondly, the maximum velocity of motion 
of a labelled dpt on the surface of spherical shell 
of radius r^ can be equal to c. So, either that dot 
can complete more number of circles of small di¬ 
ameter in a unit time, or it can complete less 
number of cycles of larger diameter. It means 
that the product— . 

2jj. /The «mplihnle of fluctuationsX / The frequency \ 

\ at the surface of radius r, / y of fluctuations/ 


( The maximuin field-intensity \ 
of each and every pattern / 


( The amplitude of fluctuatioiiaX /The h^quency \ 
at a given radial distance / vof fluctuations / 


It means that the maximum field-intensity of 
each and every sphericallyjsymmetric pattern is 
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always the same. The radial distance at which 
the spherical shell fluctuates with the maximum 
intensity is termed as critical mdial distance r^. 
Of course, the direction of motion of a labelled 
dot on the ^herical-shell of radius r^ can be 
either clockwise or anti-clockwise, i.e. 'charge' 
can be either positive or negative, but its magni¬ 
tude is always the same. 

For each fluctuation-pattern, there can 
be its anti-pattern also, fluctuating with the same 
frequency but having opposite charge, as if it 
moves back-wards in time. 


6.4. Energy : Energy is a lump-sum description 
of fluctuations in a given fluctuation-pattern. 
Amount of energy depends on— 



[Please see the Fig. 3 (a) and (b)] 

6.5. Gravitational Field Intensity: The intensity of 
gravitational field is a measure of shrinking of 
vaaMpipi^ produced because of fluctuations at a 
given wdial distance from the centre of a fluettia- 
tion-pattem. [Please see the Fig. 4(a) to (d)].; • ^ - 

6.6. Mass: Mass is a lump-sum description of the 
total amount of shrinking or amassing of vac¬ 
uum produced because of fluctuations, by a 
given fluctuation-pattern. (Please see the Fig. 4). 

7. Interpretation of Some Observed Facts 
7.1. A moving "particle" and de Broglie's waves: 

A 'particle' is a spherically symmetric 
wave-packet of vacuum fluctuations. And, a 
moving particle is a drifting fluctuation-pallcm. 
We have postulated that fluctuations inSFC are 
Insmitted with a finite and constant velocity, c. 
5 , when a fluctuation-pattern drifts in any direc¬ 
tion, the wavelength of fluctuations, in front of 
tl^ moving pattern shall reduce, similar to 
Doppler's shift. Rela ti vistic contraction of length 
of a moving body and the "space-time" ahead of 
it seems to be brcause of the reduction in wave 
length. 

t i 


(«) 



$ 

Thread o, c, g, when passed through a sinusoidal 
groove shrinks by the length (S) 




Intensity 
of gravita¬ 
tional 
field 


( 8 ) 



Mass (m) = / g (r). dr 
r = 0 
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Fig. 4 (a-d) 


111 



Secondly, when a spherically ^mmetric 
wave-packet of vacuum-fluctuations drifts In 
any direction, the phase of vibrations at a perticu- 
lar point in space will experience the change. The 
wavelength of de Broglie's matter wave is the 
length at which the change in original phase due 
to the motion of pattern becomes 2x, i.e. de 

Broglie wave length * 2n c/Aw. Interference of 
two such de Bro^ie's waves will mutually cause 
'jerks' in the place of emergence of spherical 
fluctuation-patterns. By 'jerks' we mean that the 
places of emergence of spherically-symmetric 
patterns will shuttle back and forth in addition to 
their continuous drifting in a given direction, e.g. 
the frequency of fluctuation-pattern called 'elec¬ 
tron' is m,c^/h = 1.2356 x 10“ cycles per second. 
When two such patterns move along some direc¬ 
tion with a small velocity, the place of emergence 
of the patterns called 'electrons' will keep on 
shuttling within their de Broglie's wave-length, 
once in every 10‘“/1.2356 sefcond. The exact 
knowledge of the place of emergence of a given 
pattern would also require the knowledge of the 
phases of both the fluctuation-patterns at a per- 
ticular time. Without this phase-information we 
can only predict the probability of emergence of 
a pattern at a given place-time. 

Even a single fluctuation-patterns, when 
it passes through two, nearby narrow slits, will 
also interfere because the other side of doubles 
slits will behave as two independent sources of 
fluctuations. 

7.2. 'Particle' interactions: 

As shown in Fig. 5, when more than one 
fluctuation-patterns come closer to each-other, 
the amplitudes of approaching fluctuation-pat¬ 
terns get mutually added. But this addition 
cannot be linear because vacuumis postulated to 
be continuum. Any perticular labelled dot in a 
continuum is not hree to move in isolation from 
its neighbouring points. At very close distances 
the total of amplitudes of two fluctuation-pat¬ 
terns will also be equal to the amplitudes of 
individual patterns. The interactions of fluctua¬ 
tion-patterns in a super-flexible-continuum will 
exhibit two important features. 
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Pig, 5 Ihpo® fluctuation-patterns 
In a close vlcinltp 

(i) When the phases of fluctuations of twc 
patterns are such, that their amplitudei 
add constructively, then the patterns keep 
emerging at closer and closer distances. 
But, even when both the patterns come 
very dose, then also the total intensity will 
not become double, but th^ will f(^low 
the mathematics, 1 +1 ^ l i.e. the fluctua¬ 
tion-amplitudes add non-linearly in a con¬ 
tinuum. 

(ii) When the phases of fluctuations of two 
nearby patterns are opposite, then also, 
vacuum will not stop fluctuating; because 
itis postulated to be super-flexible. In such 
situations, both the patterns will keep 
emerging at farther and farther distaiv:es. 

(a) Quantum Field Theories like QED accept 
the reality of fields only. In this theory, partide- 
interactions are described as non-linear supiff- 
positions of field-intensities. The non-line^ 
of super-positions, which is the most'impoiHuri 
feature of the theory to explain creation axid an¬ 
nihilation of particles, dmly show tha; quan¬ 
tum Adds manifest the charactalstic which la 
akin to the fluctuations generated in a contin¬ 
uum. 

(b) In the string theories, particles are treated 
as parametric exdtations, similar to those In- 

■» «. 
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duced in a vibrating string when its tension is 
increased. Various kinds of partide-iiiteractitms 
corrospond to different inodes of vibrations, of 
that string. In these theories, gravitation conro- 
spond to the lowest frequency of vibrations. 
String theories are quite successful because a 
string is a one-dimensional-continuum, which is 
the simplest verrion of the actual process going 
on in the three-dimentional continuum. The 
success of string theories implies that particles of 
matter may indeed be a process of vibrations, 
generated in a three-dimentional super-flexible- 
continuum. 

(c) Nature of Mathematical Expressions fifr Mul¬ 
tiple-pattern-interactions : We know that even the 
un-even bending of one-dimentional wire in Y- 
dimention as shown in Fig. 6, require N mutually 



Fig. 6. Bending of one dimentional wire in Y-dimen- 
tlon would also require many mutually ortho¬ 
gonal harmonic functions of X to ma^emati- 
cally describe it 


orthogonal functions of space to mathematically 
describe it. So the modes of vibrations generated 
E!in a three-dimentional-continuum will obvi- 
^ously requires N mutually orthogonal functions 
' oftomplex-vector-space and time. It means that 
I|i6 physi^ theoiy like quantum-machines, de¬ 
aling a physical Process called particle-inter¬ 


actions using the language of N-dimentional 
complex-vector-q)aoe and time may be actually 
describing a process of vibrations, taken (dace in 
a three-dimmtionai-continuum. 

73. Some insight into the conservaHon-km: 

We have postulated that vacuum is 
super-flexible. So the total amount of fluctua¬ 
tions in a given system of fluctuation-patterns 
will remain the same even after their mutual 
interactions and formation of different kind of 
patterns. As per our definition, the 'energy' of a 
given system of fluctuation-patterns is con¬ 
served because of the super-flexibility of the 
vacuum-continuum. 

We have also seen that the vibrations in 
vacuum are bound to be of circular and cyclic 
nature. This circular and cyclic nature of fluctua¬ 
tions is not.altered even when mutual interac¬ 
tions of a set of patterns result in new patterns of 
different size and frequencies. So, as per our 
definition, the total angular-momentum is not 
altered in a given system of fluctuation patterns. 

8. Conclusion 

Space and time-dependence of "matter- 
particles' ; non-linearity of the equations in QED; 
the success of string-theories as well as various 
conservation-Jaws seem to support the conjec¬ 
ture that—(i) vacuum may be a super-flexible- 
continuum (SFC) and (ii) Energy and matter 
could be just a phenomenon or process called 
'vacuum-fluctuations'. □ 
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Notes and news 


Frontiers of Research in Musical Acoustics 
and Allied Signal Processing 

An interesting Seminar on the above 
mentioned topic washeld fromNovember26-28, 
1987 at the Max Mueller Bhavan. The Seminar 
was organised by the Sangeet Research 
Academy's Scientific Research Department 
(SRA). The activities of the SRA in the field of 
Classical music is well-known, but the existence 
of a Research Department working on the vari¬ 
ous aspects of musical acoustics is not known to 
many. The Research Department was started 
about seven years ago and has developed a £unall 
group of scientists and engineers who are ac¬ 
tively engaged in discovering the scientific basis 
of music—what it is, what are the traits of a 
sound that appear pleasing and musical. They 
are striving to understand this by analysing (a) 
vocal sounds (b) sound emanating from musical 
instruments. They are also studying the con¬ 
struction of these instruments. With a view to 
find out better substitute of the material for 
improvement of quality and economy. 

In introducing the Seminar, Smt. Dipali 
Nag, Research Co-ordinator of the SRA said that 
the subject musical acoustics is however recent 
and interdisciplinary. It embraces physics. Psy¬ 
chology, Physiology, Neurology, Architecture, 
Phonetics and Linguistics. Processing of audi¬ 
osignals (music, iqpeech etc.) is one of the nu>st 
fascinating areas of research today, both as an 
analytical investigation into human abilities and 
as an emerging engineering discipline. 

The purpose of the Seminar as indicated 
by her was to promote a closer relationship be¬ 
tween the field of acoustics of music and ^ied 
subjects by reviewing the state of knowledge in 


these areas and by exposing important issues 
and highlighting unsolved problems. 

Prof. B. D. Nagehaudhuri delivered the 
Inaugural address and said that Sangeet Re¬ 
search Academy dedicates the Scientific Seminar 
to Sir C. V. Raiwn—a pioneer in the research in 
musk in our country. 

He traced the history of music from 
neolithic time and said thatihe earliest mention 
of music was not by any name but in rituals. 
Further he mentioned about the numerical rela¬ 
tionship between notes mentioned by Pythago¬ 
ras, and how by the end of 12th Century music 
had became a part of Church music. From there¬ 
on he went on to trace the history of research in 
music, in instruments which started about 
hundred years back as mentioned by Helmholtz 
and others. 

(1) Prof. Santimay Chatterjee of Asiatic Soci¬ 
ety in his talk entitl^ "History of scientific re¬ 
search in Indian music" mentioned the works of 
Sir William Jones on Indian Gassical music. He 
also spoke on the difference between Indian and 
Western Classical music in their structure and 
shape. The work of Sir C. V. Raman was also 
highlighted. 

(2) Prof. S. S. Agrawal, a Research Scientist 
in the Central Electronics Engineering Research 
Institute, New Delhi, in his talk entitled "Conv- 
municating with machines by voice", high¬ 
lighted the ties and the relationships between 
speech and music, the two natural means of 
human conununication through sounds waves. 
Research on speech analysis, synthesis and rec¬ 
ognition has helped in developing man-machiite 
communication systems, voice and inferences 
drawn from these areas are helping in high quid- 
ity research on music. In his talk he also dis¬ 
cussed several areas of scientific researdt in 
music collaboration with research in speech. 

(3) Prof. PremlataSharma, an eminent musi¬ 
cologist aiul Vice-Chancellor of Iiklira Kala 
Sangeet Viswavidyalaya, Khairagarh (M.P.) in 
her paper entitled "A Historical overview of 
some aspects of Research in Indian Musk", 
mentioned Bharata's Natyadiastra and the rela¬ 
tionships between notes, concepts of grammar, 
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thetwoGrama»—Shadajandmadhyametc. Her 
contention that murchana, muquant and modes 
are of the same concept was of particular interest. 

(4) Prof. 6. S.Ramakiishna an eminent Phy»> 
cist and former Vice-Chancellor of Hyderabad 
University, in his talk entitled '^hat makes a 
good concert hall", mentioned the basic prob¬ 
lems of creating good acoustics in a music hall. In 
indentifying the physical features of the hall for 
producing good acoustics he referred to four 
points: 

(a) absence of disturbing noises, 

(b) adequate loudness of musical sounds, 

(c) correct reverberation and 

(d) early reflection of sounds from sidewalls. 

He described in his talk the qualities of an au¬ 
ditorium for Indian classical music. 

(5) Prof. A. K. Majumdar, Reader, Depart¬ 
ment of Electronics and Telecommunication En¬ 
gineering, Jadavpur University in his talk en¬ 
titled "Musical aspects of respiratory phenom¬ 
ena", said the respiratory system was the main 
power source for producing all speech and 
musical sounds. Breathing activity can be meas¬ 
ured by its vital capacity and its pattern will be 
depended upon the contraction and relaxation of 
the muscles. He spoke about the three types of 
muscles which are responsible to generate musi¬ 
cal sounds, i.e., intercostal muscles, diaphragm 
muscles and obligue abdominal muscles. The 
resultant effect of muscle control and the 
subglottal pressure is the main agent to produce 
loudness of phonation. 

(6) Dr. A. Roy an eminent E.N.T. Specialist 
in Gdcutta in his talk entitled "A technique of 
voice preservation", referred to the healthy func¬ 
tioning of all the vocal systems for smooth voice 
production. He mentioned the different prob¬ 
lems which affect good voice production thereby 
laying ample stress on the crico-thyroid muscles 
and larynx. 

(7) The psychological correlates of intensity 
and pitch were the main subject matter of the talk 
entided, "On some psychological considerations 
in perception of of speechand music" by Prof. A. 
K. Dutta of Electronics and Communication Sci¬ 
ence Unit, Indian Statistical Institute. He dis- 
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cussed in detail the dependence of loudness on 
intensity, fr^uency and duration in the light of 
psycho-physical and psycho-physiological con¬ 
straints. ITie phenomenon of masking, lateral 
inhibition etc. were introduced for an under¬ 
standing of speech and music. 

(8) Prof. B. M. Banerjee, Senior Scientist in the 
Sangeet Research Academy in his talk entitled, 
"The twin drums —^Tabla and Bayan—and their 
sounds", reproduced the experimental findings 
of the exhaustive work done on the Tabla and 
Bayan as played by theexperttabaliasof theSRA. 
He showed the spectral behaviour of the eleven 
basic strokes played by them. New information 
(to add to what Sir C. V. Raman published in 1920 
and 1934) discussed by Prof. Banerjee were: 

(a) The Bayan strokes generate very closely 
harmonic overtones; (b) The fundamental is 
absent in strokes IMaa' and Taa', which have 
complementary acoustic characteristics; 
(c) In harmonics, though snwll, are often gen¬ 
erated in strokes Toon' and 'Thoon'. 

(9) Physiology and Physics of production of 
nasal sounds were discus^ by Prof. A. K. Dutta 
of Electronics and Communication Science Unit, 
Indian Statistical Institute, in his talk entitled 
"Nasal Sounds". The spectrographic cues for 
perception of these sounds were discussed by 
him both for manner and place discrimination. 
In this context, he mention^ some work done in 
the SRA. 

(10) In his talk entitled "Brain Mechanisms of 
speech and music". Prof. T. Desiraju of National 
Institute of Mental Health and Neuro Sciences, 
Bangalore, highlighted the scientific aspects of 
higher cerebral functions characteristic of the 
human brain, relevant to acoustic and musical 
attainment. According to him the great process 
of aesthetic expansion of functions the human 
brain utilises not only the speech mechanisms of 
neuronal net-work of the left cerebral hemi¬ 
sphere, but also perhaps more particularly the 
right cerebral hemisphere, and probably above 
all the pre-frontal cerebral cortices, as well as the 
highest processess of the limbic system, in an 
integrated manner to make available the peak 
experiences that are associated with great music. 
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(11) Prof. D. Dutta Majumdar of Electronics 
and Communication Science Unit, Indian Statis¬ 
tical Institute, in his talk dealt in detail with the 
status and frontiers of research in Musical 
Acoustics, signal procession and the related 
brain mechanism. He tried to establish a theory 
that speech and music constitute a mirror of the 
mind, and unless we acquire an understanding 
of the deep structure related to the statesof mind, 
we cannot understand the cue for the innate 
musical skills. He also dealt with the aspects of 
musical skills and their relationship with the two 
hemispheric functions of the brain. Q 

Ranjan Sengupta 


XIV International Botanical Congress 

The First International Botanical Con¬ 
gress (IBC) in Paris (1867) had been succeeded in 
Paris (1900), Vienna (1905), Brussels (1910), 
Cambridge (1930), Amsterdam (1935), Stock¬ 
holm (1950), Paris (1954), Montreal (1959), Ed¬ 
inburgh (1964), Seattle (1969), Leningrad (1975), 
Sydney (1981) and Berlin (1987). The next IBC 
will commence in Tokyo (1993). In the present 
Congress in Berlin (July 24 to August 1, 1987), 
th':re were about 2,500 contributions. Almost 
two-fifths refer to poster presentations and the 
remainder to symposium papers (1500) and 
general lectures (25). There were seven pro¬ 
gramme divisions, e.g. Metabolic Botany, Devel¬ 
opmental Botany, Genetics and Plant Breeding, 
Structural Botany, Systematics and Evolutionary 
Botany, Environmental Botany and General 
Symposium —History of Botany. 

Six botanists from West Bengal namely, 
D. N. De (Kharagpur), M. P. Nayar (Botanical 
Survey), G. Panigrahi (Botanical Survey), Mal- 
abika Roy (Viswa-Bharati), S. K. Chatterjee (Di¬ 
rectorate of Medicinal Plants, W. B. ) and the 
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author participated in this Congress. A compre¬ 
hensive report is presented here for the benefit of 
those could not attend the congress. 

Taxonomy of plants needs a stable 
nomenclature but not at the cost of the principle 
of priority or the type method. Nomenclature 
section of the Berlin Congress was occupied 
mainly by the botanists (agriculturists, horticul¬ 
turists, silviculturists, etc.) who were not inter¬ 
ested in the technicalities and "sophisms" of 
nomenclature. Evidently, after the Berlin con¬ 
gress not only the specific names of economic 
plants but also the other specific names which are 
provided by Art. 69 may also be conserved under 
Art. 14. Actually, a crack was opened at Sydney 
when conservation of specific names was al¬ 
lowed for the economic plants and that a number 
of participants persistently tried to drive in a 
wedge and open the crack ever wider. After 
three successive pollings they could not secure 
necessary votes on the appointed date. Last of 
all, on the early hours (8-30 AM) of the closing 
date, they managed necessary votes again 
through a 'tricky amendment'. The conservation 
of the specific names will not accelerate taxo¬ 
nomic studies and I am sure too much cunning¬ 
ness will over-reach the science of taxonomy it¬ 
self. I do not feel that the conditions behind the 
wisdom of the nomenclature sections of earlier 
congress in rejecting the idea of conserved spe¬ 
cies names have changed. However, the Berlin 
congress sanctioned the conservation of the spe¬ 
cific name Lycopersicon esculentum Mill. (Sola- 
naceae) and proposed the rejection of the specific 
name, Solanum indicum Linn. (nom. legit. 
Solarium ferox L.) for the future. It is also ap¬ 
proved that the official publication of the code 
would be a uni-lingual one and the Berlin code 
will appear in English only. 

Regarding the gland physiology; Fahn, 
Heslop-Harrison and others describe their 
findings. We may distinguish the members of 
Indian Droseraceae and Lentibulariaceae on the 
basis of their gland structures. Feeny, Beren- 
baum and others described coevolution and 
swallotail butterflies (Papillonidae). The Indian 
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Tros aristohchae Febricius exploits exotic 
Aristolochia spp.contaiiung similar compounds. 
As to parasitic higher plants, Visser, Kuijt, 
Meijer, Fineran, Calvin, Okonkwo and Lyshede, 
presented their ideas. The parasitism of Cuscuta 
is not uneven. TheCuscula grows in any kind of 
aquatic or terrestrial angiospermous hosts, but 
its haustoria disorganise at the post-penetration 
stage in some resistant hosts like Euphorbia, Ipo- 
moea, Pedilanthus, Phyllanthus, Trianthma or 
partial resistant hosts like Agave, Ficus, Polyalthia 
|or Sonchus. Xylary (vassel) continuity between 
the host and the parasite exists in Indian dodders 
(Cuscuta reflexa Roxb.) and mistletoes (Viscum 
monoicum Roxb.). Lyshede demonstrated the 
root anatomy of Cuscuta in the Preparasitic seed¬ 
ling stage. Dobbins interpreted included phloem 
in wider sense and his interpretation in the fo- 
raminate wood differs from that of Philipson and 
ward. Bischler, Koponen and others stated that 
the type materials of the Indian liverworts were 
not available on loan and this problem should be 
solved at all costs. Parris, Uffelen, Iwatsuki, 
Hennipman, Price and Walker expressed their 
views on the classification bf Leptosporangiate 
ferns and a number of specific names previously 
determined by Pichiscrmolli have been reduced 
to synonyms. On the chemosy sterna tics of pte- 
ridophytes, Murakami, Werth, Khandelwal and 
others presented their papers. Khandelwal de¬ 
scribed two new oil-yielding Ophioglossum and 
discovered the lowest chromosome number 2n = 
32 in some Indian Ophioglossum. Panigrahi pre¬ 
sented his excellent work on Indian Rosaceae. 
Arthur Cronquist admitted his findings on the 
nomenclature and distribution of the genusRosa. 
His work on Indian Isoetaceae, Selaginellaceae 
and other Indian ferns were also appreciated in 
the Berl in Congress. Armen Takhtajan described 
the origin and the distribution of angiosperms 
for the different floristic regions of the world. 
Gudrud Dahlgren described the classification of 
Dicotyledons. The present Dahlgren classifica¬ 
tion differs from the preceding one. They 
broadly accepted nine larger groups i.e. Magno- 
lioides. Ranunculoides, Caryophylloides, Poly- 
gono-Plumbaginoides, Rosoides (incl. Droser- 
V0L54,N0.4 


aceousaiul Amentiferous families), Dillenioides 
(incl. Euphorbiales, Urticales, Rhamnales, 
Tropaeolales, Salvadorales), Asteroides (incl. 
Balanophorales, Santalales, Araliales, Cam- 
panulales), Boraginoides and Lamioides (incl. 
Ericales, Fouquieriales, Sarraceniales, Loasales, 
Stylidiales). Kubitzki pointed out that the mono- 
cotyledoneae and the dicotyledoneae are artifi¬ 
cial groups in the pleophyletic grade angio¬ 
sperms. Dickison emphasized the importance of 
stem anatomy on the natural system of the di¬ 
cotyledons and appreciated the works of B. G. L. 
Swamy on Xylotomy. Fri js described "The role of 
Martin Vahl—a Linnaean with visions of mod¬ 
em taxonomic ideas." Vahl's work on the taxon¬ 
omy of the genus Utricularia foreshows the idea 
of a modern revision or monograph. P. K. Bhat- 
tacharyya presented his paper entitled, "Begin¬ 
ning of modem botany in India by the Dutch in 
the 16th-18h Century". W. T. Steam, Staflcu, 
Wijnands, Nicolson, McNeill, Lack, Robson and 
Heywood accepted it. It is also appreciated that 
the first botanic garden was established in the 
Malabar by the Dutch and the Shibpur botanic 
garden preceded the Saharanpur botanic garden 
though Heywood (1983) cited a contradictory 
report. J. McNeill, (who is a decendent of the 
School of Hope, Roxbourgh, Balfour, 
Buchanan—Hamilton, Ritchie, Prain, W. W. 
Smith, K. P. Biswas, H. L. Chakraborty, S. K. 
Mukerjeeand B. M. Johri)hasbeenappointed the 
Director of the Royal Botanic Garden, Ed¬ 
inburgh, Scotland, U. K. Sundara Rajan (Banga¬ 
lore) highlighted the botanical studies of the 
ancient Indians as described in Vedas, 
Vrkshayurveda of Parasara and Amaratosa. P. C. 
Silva depicted, "Napoleon Bonapartes' contribu¬ 
tion to ^tany, especially Phycology". 

The author visited Berlin (B) and Copen¬ 
hagen (C) herbaria and museums. To demon¬ 
strate the submerged aquaHc plants, the estab¬ 
lishment of the large aquarium (artificial tank 
with transparent sides) in the Indian Botanic 
Garden and the National Botanic Garden are 
recommended herewith. To demonstrate the 
root parasitic, saprophytic and insectivorous 
plants, special arrangements should be made in 
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tihe Botanies! Survey of India. Herbarium mate- 
rials of Koening (1/2S-1757), Rottler (1749-1836), 
Wallkh (1786-1854) and Voigt (1798-1843) are 
well preserved in Copenhagen (C). Laige num¬ 
ber <rf these specimens are the type of Indian 
plants. We must explore this opportunity in the 
near future. Photograph of all type materials of 
Indian Utricukria, along with the manuscript 
(Xerox copy) of M. Vahl's Enumeratio (1804), are 
now available in Burd wan (BURD) for consulta¬ 
tion. 

The Congress charged a hefty registra¬ 
tion fee (Rs. 4600/- per person) which covered 
the cost of participation as well as the cost of 
abstract. There was musical entertainment at the 
opoiing of the congress. The participants were 
treated to drinks and snacks during the opening 
and dosing ceremony. While such entertain¬ 
ments were available free of cost, )(erox and 
transport fadlities were not provided to the dele 
gates. Normally, these are covered by the regis¬ 
tration fee in any meeting held at the interna¬ 
tional level. _ 


P. K. Bhatlacharyya 


Institution of Chemists (India) : 

Assoclateship Examination, 

The Thirty-ninth Associateship Exami¬ 
nation of the Institution of Chemists (India) will 
be held in November. The last date for Registra¬ 
tion is 30th November, 1988, The Examination in 
Applied Analytical Chemistry is divided into the 
following eleven sections and each candidate 
will be examined in two of them according to his 
choice as approved by the Council, in addition to 
General Chemistry induding Organic, Inor¬ 
ganic, Physical and Applied Analytical Chemis¬ 
try —(1) Analysis of Minerals, Silicates, Ores and 
Alloys; (2) Aiialysis of Drugs and Pharmaceuti¬ 
cals; (3) Analysis of Foods; (4) Analysis of Water 
and Sewage; (5) Biochemical Analysis; (6) Analy¬ 
sis of Oils, Fats and Soaps; (7) Fuel and Gas 
Anal)rsis, (8) Analysis of Soils and Fertilisers; (9) 
Analysis Cormected with Forensic Chemistry; 

(10) Analysis connected with Leather Chemistry; 

(11) Analysis Connected with Textile Chemistry. 

The Examination is recognised by the Govern¬ 
ment of India as equivalent to M. Sc. in Chemis¬ 
try for purposes of recruitment of Chemists, 
Further enquiries regarding this and for Mem¬ 
bership may be made to the Honorary Seaetary, 
Institution of Chemists (India), 11/4 Dr. Biresh 
Guha Road, Calcutta-700 017. [[] 
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SCIENCE CORNER 


Articles published in this section are fot students and general readers for 
understanding science in the perspective of its fundamentals. We invite 
Science teachers and scientists for contributing articles to this section. 
Also we shall appreciate comments from our readers on the articles 
published in this section. — Ed. 


SEXUAL ISOLATION IN DROSOPHILA 

B. N. SINGH” 

Isolation is an indispensable factor in the origin and maintenance of race md species. 
Sexual or ethological isolation, a barrier to random mating due to behavioural Incompatl* 
bilitics, constitutes the largest and most important class of reproductive isolation in ani> 
mals. The phenomenon of ethological isolation is widespread in the genus DrosppM/a, 
commonly known as fruit fly. The pattern of mating and the degree of sexual isolation have 
often been used to elucidate the direction of evolution among closely related spedes. 


TSOLATION may be defined asthepreven- 
■^tion of gene flow between Mendelian popula¬ 
tions. Even Lamarck and Darwin recognized the 
importance of isolation in evolution. It has been 
suggested that the forma tion of races and sp>ecies 
without isolation is impossible. It was Th. 
Dobzhansky of Columbia University, New York, 
USA who coined the term "isolating mecha¬ 
nisms" as a generic name for all such agents 
which prevent gene exchange between popula¬ 
tions. If reproductive isolating mechanisms do 
not operate, the genetic differences which are 
pre-requisite for speciation and acquired 
through natural selection and genetic drift, will 
be swamped and speciation is not possible. 
Species of sexually reproducing organisms arc 
genetically closed systems, because there is no 
gene exchange between them due to genetically 
conditioned barriers. Accordingto Ernst Mayrof 
Harvard University, USA, the isolating mecha- 
nisins are the most important attributes a species 
has. Gene exchange between allopatric popula¬ 
tions (those populations which are inhabiting 
different geographical areas) is prevented be¬ 
cause individuals do not get a chance to mate. 
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This constitutes geographical isolatioa Sndh 
populations may or may not show reproductive 
isolation if brought together under laboratory 
conditions. On the other hand, sympsfrfepopidf- 
tions (inhabiting the samegk)graphical area) call 
be maintained as distinct units only if inlaid 
breeding is presented by barriers whidh cordtl- 
tutc reproductive isolating mechanisms. 

There are different factors which opiate 
as reproductive isolating mechanisms between 
Mendelian p>opulations. One or more mecha¬ 
nisms in combination serve to prevent gene ex¬ 
change between separate Mendelian popula¬ 
tions. Various authors have discussed and clas¬ 
sified the kinds of reproductive isolating mecha¬ 
nisms. 

Kinds of reproductive isolating mechanisms: 

(i) Seasonal isolation—The individuals are 
sexually functional at different times. 

(ii) Ecological isolation —Individuals of popula¬ 
tions are restricted to different habitats of the 
same area by biological needs. 

**Departinent of Zoology at Banaras Hindu Univtnity, 
Varanasi-221005. 
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(iii) Mechanical isoktum-r-Tbete is physical 
incompatibility between the sexual p^. 

(iv) Sexual or ethoiopcal isokHon—Ladc of 
mutual attraction between males and females 
of different spedes due to bd\avioural incom¬ 
patibilities. 

(v) Gametic isoktion— Sperm of one species are 
not attracted to the eggs or poorly viable in the 
genital tracts of another speciesl 

(vi) Hybrid immbility—F, hybrid zygotes are 
produced, but they are inviable. 

(vii) Hybrid sterility —F, hybrids produced are 
sterile individuals and unable to produce nor¬ 
mal functional gametes. 

All these isolating mechaiusms either 
alone or in combination operate to prevent inter¬ 
breeding between Mendelian populations which 
are sympatric. All mechaiusms have a genetic 
basis. Sexual or ethological isolation which may 
be defined as the lack of mutual attraction 
between males and females of different species 
constitutes the largest and most important class 
of reproductive isolating meclmnisms in ani¬ 
mals. The individuals respond in such a manner 
to the stimuli they receive from the individuals of 
the opposite sex belonging to other sp)ecies, that 
mating does not occur. Thus, the word ethologi¬ 
cal refers to behavioural pattern. Ethological 
isolation becomes a barrier to mating due to in¬ 
compatibilities in behaviour. Males of one spe¬ 
cies havespedficcourtship pattern to which only 
females of the same species are receptive. The 
specific reactions of males and females towards 
eachotherisknownasspeciesreco^'fum. Inmost 
cases, it is the males that actively search for a 
mate. Drosophik, a dipteran insect commonly 
known as fruit fly, has been found to be a very 
useful material for behavioural studies. In 1915, 
A. H. Sturtevant of Columbia University, USA, 
was the first to study courtship pattern of O. 
meknogaster. Since then, mating behaviour of 
numerous Drosophila species has been 
extensively studied by several investigators. 
Mating behaviour of DroscpMa consists of ^)e- 
cies-spedfic actions which are accompanied by 
orientation movements. 'Such actions referred to 
as courtship displays are made up of several 
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signals which are performed sequentially. Mat¬ 
ing occurs only in the female responds by per¬ 
forming acceptance signals. The courtship is ini¬ 
tiated by the male which performs a fixed action 
pattern directed towards the female. The re¬ 
sponse of potential mate oroduces informations 
through which individuals discriminate be¬ 
tween conspedfic and nonconspedfic and the 
physiological readiness of females to engage in 
copulation is also known. If the individual is a 
nonconspecific female, courtship is quickly ter¬ 
minated. Mating takes place only if the potential 
male is a conspedfic receptive female. The fore¬ 
legs, wings and mouth parts of males are used as 
signalling organs in most of the spedes. Male 
display presents a great diversity among differ¬ 
ent spedes. However, the female signals are less 
in number and diversity than males and are 
performed by wings, legs, genitalia and abdo¬ 
men. Females prepuce sigmls in response to 
male courtship displays and these signals are of 
two types: acceptance response and rejection 
response. It has been observed that females may 
walk and even feed also during copulation. But 
males are inert during copulation. The duration 
of copulation varies considerably among differ¬ 
ent species. It ranges from 5 sec inD. enigma to 62 
min in D. acanthoptera. 

The phenomenon of sexual or ethologi¬ 
cal isolation is widespread in Drosophik due fo 
which gene exchange between different spedes 
is prevented. A large munber of investigations 
have been carried out in different spedes of 
Drosophik by several workers who have demon¬ 
strated that complete sexual isolation exists be¬ 
tween some spedes but is incomplete between 
others. It is known that it is the females which 
exerdse discrimination during courtship. Mat¬ 
ing isolation is based on production and recep¬ 
tion of various stimuli by the sex partners. These 
behavioural devices have classified on the basis 
of the main sense organs involved. 

Different types of stimuli involved in 

mating«behaviour 

Ethological isolation is based on the 
production and reception of stimuli by male and 
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female. On the basis of the main sense organs 
involved, these stimuli have been classified into 
different types: visual, auditory and chemical. A 
male Drosophila provides the female a set of stim¬ 
uli during courtship. Based on these stimuli, the 
female is able to discriminate between its own 
and alien males and is stimulated for copulation. 

(1) Visual stimuli : The role of visual stimuli in 
mating has been detected in different species of 
Drosophila. All species court during the period of 
day light and some also court in darkness. How¬ 
ever, no species restricts its courtship only dur¬ 
ing darkness. It has been shown that the pres¬ 
ence or absence of light has a profound effect on 
mating of Drosophila. Various species exhibit 
varying degrees of light dependency in their 
mating behaviour. They have been classified 
into three categories by j. Grossfield of City 
College of New York, USA in 1971: 

(a) Light independent :.the species mate effec¬ 
tively in darkness also; 2-light dependent— 
the species are unable to mate in darkness and 
3- facultative species—which are depressed by 
darkness but can achieve some copulations. In 
light-dependent species (D. subobscura) impor¬ 
tant components of courtship of males appear 
to be visual. The role of visual cues in Droso¬ 
phila mating has also been detected while 
studying the mating behaviour of certain eye 
pigment deficient mutants. For example, 
white-eye mutants of different species are at a 
disadvantage in mating in light conditions. 
Thus, vision plays an important role in Droso¬ 
phila courtship. The inhibition of mating of 
white-eye mutants in light in different species 
of Drosophila has been explained by suggesting 
different hypotheses. According to H. T. 
Spieth of University of California, Davis, USA, 
eye-pigment deficient mutants of D. melan- 
ogaster exhibit a deficit of optomotor response. 
A. W. Ewing and A. Manning of University of 
Edinburgh, UK, suggested that the mutation in 
eye pigmentation have some pleiotropic ef¬ 
fects which affect the central nervous system of 
the animals which, in turn, affects the male 


sexual behaviour. On the other hand, J. Gross- 
field and his associates of the City College of 
New York, areof the view that matingdefidt of 
white-eye males of D. pseudoobscura in light is 
due to a neurobehavioural disruption pro¬ 
duced by faulty visual input. Further more, 
orientation of flies can not occur in darkness in 
light-independent and facultative species but 
mating may occur due to accidental encoun¬ 
ters or as a result of searching movements by 
the males. The light-dependent species remain 
immobile in darkness. Hawaiian Drosophila 
species remain immobile during darkness in 
field and D. subobscura females perform dance 
which must be observed visually by males. In 
certain species of Drosophila (e.g. picture¬ 
winged Hawaiian Drosophila, D. suzukii, D. 
biarmipes), males possess dark black patch on 
their wings which serve as a visual stimulus to 
the female during courtship. Removal of the 
black shade in wings by amputation reduces 
mating success of males. In D. biarmipes, both 
types of males, with or without patch, have 
been found. Males with black patch on their 
wings have greater mating success than those 
without patch. Thus visual stimuli play an 
important role in mating in certain species of 
Drosophila. 

(b) Auditory stimuli : Songs, calls and other 
acoustic signals have precision and specificity; 
they become more suitable isolating mecha¬ 
nisms than visual stimuli. Drosophila females 
may not become receptive for mating until 
stimulated by appropriate wing vibration of 
conspecific males. Males of most Drosophila 
species make wing vibrations which cause the 
production of sound termed as male courtship 
songs. These songs have been studied by di^ 
ferent workers in different species. The sex 
songs of males consist of two components: the 
sine song and the pulse song. The pulse song 
consists of repeated sound pulses separated by 
time or interpulse intervals. With respect to 
pulse songs, there is variation among the dif¬ 
ferent species and also within the species in the 
number of cycles, pulse-repetition rate and the 
duration of interpulse intervals. The antennae 
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are the main organs to receive auditory signals 
in both sexes. Flies of both sexes which are 
devoid of wings and antennae are mute and 
deaf. The male sex songs are species-specific. 
The interpulse interval of male pulse songs is 
most important and is discriminated by fe¬ 
males. Thus, it forms the basis for ethological 
isolation among different species. When in¬ 
cipient isolation occurs among different 
strains of the same species, variation in male 
pulse songs has been noted in some cases. 
Thus, male sex organs appear to function in 
mate discrimination by the female and in her 
final acceptance of copulation. 

(c) Chemical stimuli: Chemical stimuli which 
act at a distance (olfactory) or on contact often 
serve as isolating mechanisms. It has been 
shown that olfactory stimuli in the form of 
pheromones are involves in mating behaviour 
of Drosophila, In both sexes, the receptors for 
olfactory stimuli are present on the third anten¬ 
nal segment. During courtship, the physical 
contacts between the male and female also 
results in the transmission of chemostimuli. 
The male usually taps the female by its fore¬ 
legs. Chemoreceptors are present on the fore 
tarsi of males and females have chemorecep¬ 
tors on their body surface. Chemostimuli are 
exchanged during tapping of the female by the 
male. The role of chemostimuli in mating has 
also been shown in Hawaiian Drosophila spe¬ 
cies in which males of most species engage in 
Ick behaviour (courtship occurs in a limited 
area away from feeding site). It has been 
reported that volatile pheromones are pro¬ 
duced by both sexes which are essential for the 
initiation of courtship. The role of chemostim¬ 
uli in mating isolation has also been demon¬ 
strated by amputation of antennae which re¬ 
duces the ability of D. pseudoobscura and D. 
persimilis females to discriminate between 
their own and alien males. 

Thus, there is an ample evidence to show 
that during courtship exchange of various stim¬ 
uli between the male and female takes place and 
mating occursonly when both sex partners reach 
a stale of physiological readiness. Furthermore, 
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various stimuli play important role in mating 
isolation. 

Mode of mating preference and direction 
of evolution 

Sexual isolation has been observed in 
many species of Drosophila. However, the mode 
and the degree of isolation varies in different 
cases. In many cases, complete sexual isolation 
has been observed. Numerous cases of incom¬ 
plete isolation have been reported among closely 
related species. Moreover, the mode of mating 
preference may also vary. The species which are 
incompletely isolated may show symmetrical (in 
both directions or both-sided) or asymmetrical 
(in one direction or one-sided) sexual isolation. 
Some times geographic populations or strains of 
the same species may show incipient isolation as 
a result of genetic divergence caused due to 
natural selection and genetic drift. The degree 
and patternof mating preference have often teen 
used to know the phylogenetic relationships 
among closely related species. Recently, two 
opposing models have be^n proposed to a eluci¬ 
date the evolutionary sequence of species on the 
basis of the mode of mating preference between 
closely related species. 

Sexual isolation is caused due to prefer¬ 
ential (non-random or assortative) mating be¬ 
tween males and females of the same species. 
This is known as homogamic mating. In the case 
of incomplete isolation, mating may take place 
between males and females of different species 
which is referred to as heterogamic mating. 
Sexual isolation (or the pattern of mating) may 
be symmetrical or asymmetrical. The occurrence 
of asymmetrical isolation has been reported in 
many Drosophila species groups. 

Table 1 shows that homogamic matings 
are nK)re frequent than heterogamic ones and 
isolation indices remain high (close to 1) in both 
directions. Thus, there is evidence for preference 
for homogamic matings in both directions. This 
is known as symmetrical isolation. Females and 
males of the same speciesi^ prefer each other. 
Females of one species discrirrtlnate against the 
males of alien species. 
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TABLE 1: Symmetrical sexual isolation between A and B 
species (maIc>choicc experiments -»one type of 
males with two types of females-males have 
choice) 


Females Male % homogamic %hcterogamic Isolation 
matings matings index 


A+B A 90 10 0.80 

A-fB B 90 10 0.80 


Tabic 2 shows asymmetrical mating pref¬ 
erence. With A males, there is strong isolation— 
B females do not accept A males. On the other 
hand, both A and B females are equally receptive 
to B males. So there is random mating with B 
males. 

TABl.E 2: Asymmetrical sexual isolation between A and B 
species (male-choice experiments) 


Fi’m.nli's Male % homogamic %hetc'rc)gamic Isolation 
matings matings index 


A + B A 90 10 0.80 

A+B B 50 50 0.00 


It is clear from Table 3 that there is asym¬ 
metrical mating preference but it is just reversepf 
what has been shown in Table 2. There is strong 
isolation with B males, but no isolation with A 
males. A males are readily accepted by both 
females, but B males are discriminated against by 
A females. 


TABLE 3 : Asymmetrical sexual isolation 


Females 

Male % homogamic 

%heterogamic 

Isolation 



matings 

matings 

index 

A+B 

A 

50 

50 

0.00 

A+B 

B 

90 

10 

0.80 


The asymmetrical mode of mating pref¬ 
erence among closely related species as shown in 
Tables 2 and 3 has been observed. It has been 
used to predict the direction of evolution among 
closely related species and two opposing models 
have been proposed! 

(i) In 1976 K. Y. Kaneshiro of Hawaii Univer¬ 
sity, USA, proposed that ancestral females dis¬ 
criminate against derived males but females of 
VOL 54, NO. 4 


derived-species mate randomly with males of 
ancestral species. This hypothesis is based on 
founder principle (evolution via genetic drift) 
and the mating preference observed among 
four species of Hawaiian Drosophila. 

(ii) In 1979 T. K. Watanabeand M.Kawanishi of 
National Institute of Genetics, Japan, proposed 
that it is the females of derived species which 
do not mate with the males of ancestral species. 
They proposed their hypothesis on the basis of 
mating preference observed in D. melanogaster 
and D. virilis species groups. 

Evidence in support of both these hy¬ 
potheses have been obtained. Thus, the relation¬ 
ship proposed by these scientists can not be 
generalised for the whole genus Drosophila. 
However, a consistent relationship having pre¬ 
dictive value might exist in certain species 
groups. The relationships might depend upon 
ecological and evolutionary histroy of a particu¬ 
lar group. The events of speciation may occur in 
different ways in different cases. 

In order to explain how the reproductive 
isolati ng mechanisms originate between popula¬ 
tions, different hypotheses have been proposed. 
According to H. J. Muller of Animal Institute of 
Genetics, Edinburgh, UK, reproductive barriers 
appear as a side-effect of genetic divergence 
because populations adapted to different envi¬ 
ronments acquire genetic differences which lead 
to reproductive isolation. Th. Dobzhansky of 
Columbia University, gave more importance to 
natural selection acting on appropriate genetic 
variation when the allopatric populations that 
have an incipient isolation become sympatric. 
H. L. Carson of University of Hawaii, USA, em¬ 
phasized the role of genetic drift through 
founder effect in the origin of reproductive isola¬ 
tion which serves as a barrier to gene flow. Evi¬ 
dences in favour of these theories have been 
obtained. The development of pre-zygotic isola¬ 
tion as a byproduct of selection or drift is consis¬ 
tent with a widely accepted model of allopatric 
sp^ation. In this model, populations bwqme 
genetically different due to adaptations to differ¬ 
ent ecological conditions and gradual genetic 
divergence is accompanied by reproductive in- 
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compatibility. Isolation has been induced by 
selection and also by inbreeding in many cases. A 
large number of investigations on sexual isola¬ 
tion between and within the species of 
have indicated the evolutionary origin of sexual 
isolation. Recently, the phenomenon of sexual 
isolation has also been studied in Drosophila 
species occurring in India by the present author 
and his co-workefk Interesting results with 
respect to the evolutionary significance of this 
phenomenon have been obtained. 

The phenomenon of sexual or ethologi- 
cal isolation is widespread in Drosophila. Many 
caaaaof incomplete isolation have been reported 
in various species groups. The pattern and de¬ 
gree of sexual isolation observed among closely 
related species have often been used to know 
their phylogenetic relationships. Various stimuli 
such as visual, auditory and chemical which are 


Letters 
to the editor 


Effects of salinity in the tunicate, 
Ascidiella atpena 

Ascididia aspersa Muller, a simple tuni¬ 
cate available in go^ numbers in Madras coast 
(East coast of India), shows seasonal fluctuations 
with abundance during the period from April to 
September-Octc^Ter. Normally with the onset of 
rains in September-October, they become rare 
and fr^h settlement starts in the month of April. 
To account for the disappearance of the species 
during the particular period of the year, certain 
prelinunary studies, first of their kinds, on its 
osmoregulation were carried out. Muthu’ has 
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exchanged during courtship between male and 
female are often used for mate recognition. 

I thank E)r. (Miss) Sujata Chatterjee for 
her help in many ways during the preparation of 
this article. fl 
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reported that the salinity of harbour waters may 
go below 20% during rainy season. That the 
animal has a lower salinity tolerance limit of 20% 
and an upper tolerance limit of 40% was also 
reported earlier*. In the present study, water 
content variation of the animal in several salini¬ 
ties was investigated and in doing so the relation¬ 
ship between the Test (Tunic) and the tissues of 
the animal was also studied. Such a study was 
necessitated to settle whether the shrinking of 
the Test takes place in lower salinities. Observa¬ 
tions on the behaviour and ability of the animal 
for attachment to the substratum in various sa¬ 
linities were also made. 

Specimens of Ascidiella aspersa Muller 
were collected from the boat basin area of 
Madras harbour. They are normally found at¬ 
tached to buoys, floats and anchored ships. 
Animals in the laboratory were maintained in 
glass troughs under 4.5" of sea water of normal 
salinity (34%). The sea water was changed daily. 
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In the analysis of water content, animals 
ranging in dry weight from 25.9 mgm to 72.8 
mgm were used. These animals were freed from 
any adhering particles and separated into Test 
and tissues. They were carefully blotted and 
weighed using a single pan electric balance (all 
the soft parts of the animal except Test are called 
Tissues in the text.). This separation into Test 
and tissues was found necessary for the clean 
blotting of the water from body parts of the 
animal. In an oven maintained at SOX the ani¬ 
mals were dried to constant weight. In order to 
study the water content variation, if any, in vari¬ 
ous salinities the animals were directly trans¬ 
ferred to the respective salinities of 20%, 25% and 
40% from normal sea water. The subnormal 
salinities were provided by diluting normal sea 
water with distilled water. On the other hand, 
supranormal salinity of 40% was prepared by the 
addition of sodium chloride. Animals trans¬ 
ferred to new salinities were kept for a period of 
24 hrs before taking the respective wet and dry 
weights. The data obtained were processed for 
mean and standard deviation. Analysis of vari¬ 
ance was applied for testing the difference be¬ 
tween means. 

In the study of Test-tissue relationship, 
animals ranging in dry weight from 7.1 mgm to 
101.3 mgm were used. The test and tissues were 
separated and wet/dry weights were taken 
separately. From the total weight of the animal, 
the percentage of Test was calculated. The coef¬ 
ficient of correlation r was determined and the 
observed rwas tested for significance using 
t-test. 

The adhesive secretion of the animals 
was collected by allowing the aninml to remain in 
contact with microglass slides within the trough 
where they were being reared. Such slides were 
treated with 0.1% Toluidine blue. 

Table 1 and Fig. 1 show the percentage of 
water content in the tissues in relation to normal 
and various other salini ties. The calculated mean 
and standard deviation are represented in fig¬ 
ures. It can be seen that the percentage of water 
content increased in animals acclimated to lower 
salinities and that water content decreased in the 
VOL. 54, NO. 4 


TABLE 1: Shows water content (%) in the tissues of 
A. aspersa in various salinities 

Percentage of w ater content in various salinities 


40% 

34% 

_25%_ 

_20%_ 

84.20 

86.85 

84.55 

86.69 

81.80 

85.74 

84.79 

89.74 

84.04 

84.39 

90.43 

84.84 

86.58 

87.21 

91.36 

84.78 

77.74 

85.58 

89.50 

87.42 

Mean 82.87 

85.95 

88.13 

86.69 

S.D. ±3.33 

±1.12 

±3.22 

±2.06 



Fig. 1. Shows percentage of water content (Mean i Standard 
cteviation) in the tissues of A. aspersa In various salinities. 

higher salini ty. From the analysis of variance, the 
calculated F value obtained was 3.66 which is 
more than table value at 5% level of significance. 
Thus the difference in the mean values of the 
samples is significant. 

The water content analysis of the Test of 
animals acclimated to various salinities showed 
no significant changes (data not given) indicat¬ 
ing that Test may not be reactive to changes in 
salinity. 

Figure 2 displays the relationship be¬ 
tween the Test and total weight of animals stud¬ 
ied. It can be seen that slight individual vari¬ 
ations occur in the percentage of Test of the 
animals. On an average, i t occupies 39.21 % of the 
total weight of the animal. The coefficient of 
correlation obtained was 0.12 indicating a very 
poor correlation. The coefficient r was insignifi¬ 
cant at 5% level. 
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Fig. 2. Shows percentage of Test (tunic) of A. aspersa plotted 
against total dry weight 

The adhesive secretion of the animals on 
reaction with Toluidine blue displayed 
metachromasia indicating the presence of acid 
mucopolysaccharide. In the case of animals 
maintained at subnormal salinities, it was not 
possible to collect their secretions. 

When the animal was introduced into 
new salinities, the main behavioural responses 
observed are : (1) shrinking of the Test or the 
animal as such, (2) partial closing of the rim of the 
siphons and (3) poor respjonses to mechanical 
stimulus like needle pricks. 

The finding that Ascidiella aspersa 
showed an increase in water content at lower 
salinities and a decrease in water content at 
higher salinity implies that it is an osmocon- 
former. Two other genera of ascidians—Mo/gw/a 
and Ascidia —have already been reported to be 
osmoconformers^ The present species has a 
lower tolerance limit of 20%. In the light of these 
facts, it is likely that the lowering of salinity 
might be a major causative factor leading to the 
mass mortality of ascidians in Madras harbour. 
Dybem*, bas^ on his studies on Ciona iniesH- 
nalis, stated that extreme salinities can cause 
failure of temporary spawning or total failure of 
development of the embryos. 

It was mentioned earlier that animals 
maintained in the sea water showed a tendency 
to adhere to either the sides or bottom of the glass 
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troughs by making a characteristic secretion 
from its Tunic. This secretion insists mainly of 
acid mucop)olysaccharide which is known for its 
adhesive function. The fact that animal showed 
no tendency to get attached to the glass substra* 
turn when they are in subno^nal salinities might 
indicate the weakening of the animal in lower 
salinities. 

In the light of the observation that water 
content in the Test of the animal is unaffected 
with alterations in salinity, it has to be inferred 
that the Test has no specific role connected to the 
osmotic balance of the animal. Thus the shrink¬ 
age of the Test in lower salinity can be attribu ted 
to a mechanical process rather than to any 
physiological activity. It is known that organ¬ 
isms may respond to changes in salinity by con¬ 
traction of the body, by closure of shells and 
withdrawal of sensitive parts®. But it can be inter¬ 
preted that the contraction and partial closing of 
the siphons might be to avoid the low salinity 
medium. This was further confirmed from a 
study of the rale of water transport by the ani¬ 
mals at lower salinities in which only less 
amount of water was transported^ 

The present work was carried out in the 
Department of Zoology, University of Madras. 
The author is thankful to Dr. K.Ramalingam and 
Dr. Jayapaul Azariah for provision of facilities 
and their encouragements. 
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Physicomathematical aspects of the 
stability of a cell 

The question of stability of a cell is an 
important problem as it seems to be central to 
determining whether a tumour is non-malignant 
or like cancer cells which create malignant tu¬ 
mours'. An eukaryotic cell is governed by the 
following characteristics: 

The outer surface of the cell is repre¬ 
sented by an unknown functional equation 

\~{x, y, z; t) = 0, (1) 

where Pdenotestheouter srfaceof thecell. For 
a spherical animal cell, the equation of Pat any 
time t can be expressed as 

r = R{t), (2) 

where R(0 denotes the radius of the cell at time t. 
Obviously, R(,0) = is the radius of the daughter 
cell. The vibrational frequency wCO of a pulsating 
cell is directly related to RU) which further de¬ 
pends on viscosity, su?facc tension and density 
of the cellular fluid^-^ (A pulsating cell is accom¬ 
panied by st)l-gel changes^). 

The growth of a cell starts when the 
available protein content expressed by o(x, y,z;l) 
exceeds a critical value’o,. (The cell volume is 
proportional to the cellular protein content'’). 
The cell dies when it falls below a certain level. 

The growth of nucleus and cytoplasm 
produces internal pressure differentials which 
cause the motion of cellular matcriaF. This is 
assumed to be governed by 

(7 = -Vp, (3) 

where q {x, y, z; t) is the particle velocity and p{x, 
y, z; t) is proportional to internal pressure. The 
change in volume of the nucleus produces domi¬ 
nant tangential stress changes in the cytoplasm 

and nuclear membrane*. If 0 be the velocity 
potential, one has for the pressure, p = p , 
where p is the density. 

A surface tension force S is pro}X)rlional 
to the mean curvature K of the cell. The pressure 
inside the cell is a function of surface tension, S 
which is again proportional to the mean 


curvature K i.e. 

p = aK ( 4 ) 

where a is a constant. 

Surface tension isan importantfactor to maintain 
the compactness of the cell. 

If the pressure p{r, t), protein content 
s{r, t) and the radius R{t) of a cell are perturbed 
by any small amount e, the cell becomes unstable 
and radically departs from its original spherical 
shape®'The stability of a cell may be consid¬ 
ered as a limiting case of nucleo-cytoplasmic 
ratio of a cell". The relative density of cytoplasm 
in different regions of thecell may determine the 
nuclear position'^ A growing cell first reaches a 
certain maximum size, attains a critical mass and 
then divides into two small daughter cells before 
growthcancontinue. By divisionaccllcan obtain 
more surface area per mass of cell substance. 
Thus there is a limiting ratio of cell surface or 
volume to cell mass'^, which is different for dif¬ 
ferent kinds of cells. The stimulus for cell divi¬ 
sion is brought about, in part at least, an osmoti- 
cally induced increase in cell volume which re¬ 
sults in an increase in Na* concentration of the 
cell. This takes place when the threshold value of 
the surface/volume ratio is reached'^. Increasing 
volume implies increasing area, but the relation¬ 
ship between these two parameters is not pro¬ 
portional’*. 

The growth depends on the ratio of vol¬ 
ume or mass of nucleus to volume or mass of 
cytoplasm (growth of cell size is primarily cyto¬ 
plasmic'*). The ratio may be nearly constant for 
any given cell-type of a given species'^'* 

The mass and volume of the nucleus and 
cytoplasm are related in such a way that if one of 
them changes the other must also change to 
maintain the stability of a cell. Lot the nucleus be 
initially stable within the cytoplasm. Stability 
can be maintained due to attainment of a critical 
cell size if the initial and critical ratio of cyto¬ 
plasm to nuclear mass is equal’* i.e. 

'"i(5) 

m’, ~ m\ 

where p.and p,are the mass, volume 
and density of the daughter nucleus and cell 
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respectively; the dashes represent the corre¬ 
sponding values at the critical stage before divi¬ 
sion can start. Since a cell can only double its 
n\asS/an adult cell will be stable with the nucleus 

only If o', ap, ,6, 

*. “ P', 

But it is found that although d', > but the 
change of p’j from p,is not so appreciable (p',> p,). 
The above relation can be restored only by divi¬ 
sion of the nucleus followed by a division of the 
original cell into two daughter cells'l 

A cell may be stable with the nucleus if 
the volume ratio at the two stages arc equal i.e. 

T= 

Since the nuclear volume i3‘, remains relatively 
constant'® in comparison with the cytoplasmic 
volume d'j at any time t, a cell will thus be 
unstable during the cycle. The relation discussed 
above simply shows the controlling capacity of 
the cytoplasmic volume by the nuclear volume. 
It is to be noted that in giant amoeba Chaos chaos, 
a small nuclear/cytoplasmic volume ratio is not 
a sufficient condition for the induction of divi¬ 
sion'* If cytoplasm from Amoeba is periodically 
removed'®-'’, growth continues indefinitely and 
the cell will not divide unless it is allowed to 
reach a certain minimal mass. Again, since the 
doubling of DNA takes place only between divi- 
sions“, thus if the nuclear mass is assumed to be 
doubled, one gets from relation (5) 

^ ( 8 ) 

^1 ■ Pj 

When cell division is imminent, the above ratio is 
upset since at the time of division is almost 
doubled oP'-^ «,but the change of p’, from p, is 
very small (p‘, is generally'^ <p,). The event in cell 
division thus seems to be the doubling of the 
DNA content of the nucleus'* together with the 
histone content**. (Not only the nuclear accumu¬ 
lation of histones but also ^e actual synthesis of 
histones in proliferating cells occurs tightly 
coupled to DNA replication**. Ca** and Mg** are 
necessary to bind DNA and histones**). 

If the masses of both nucleus and cyto¬ 
plasm are assumed to increase exponentially (up 


to a certain limit depending on environmental 
conditions), one gets from the mass ratio rela¬ 
tionship at any time t 

(9) 

where a, and are called the growth characteris¬ 
tics of the nucleus and cytoplasm respectively. 

The above relation tan be satisfied only 
when a, = Ojd.e. growth pattern is identical). But 
experimentally it is found that'® «, s*«,, thus an 
instability of the situation will continue through¬ 
out the cycle (until the cell divides). The same 
argument holds also for a linear growth**. 

The ratio of surface area and volume of a 
growing cell with the nucleus further illustrates 
the unstability of the situation’. The surfacearea 
of a cell is directly concerned in the rate of cell 
metabolism'*. A slight change of the ratio pj/pj 
will indicate the instability of a cell. The nucleo¬ 
plasm may be thicker or thinner and cytoplasm 
thinner or thicker depending on cell type**. 
(While one gains in mass density, the other 
losses"). The stability of a cell can be maintained 
if 



where and are respectively the mass value 
and surface area at the beginning of the cyclcand 
dashes represent the corresponding values at the 
adult stage. But as Wj increases, area covered by 
a cell membrane S^does not increase proportion¬ 
ally. More surface area can be provided for a 
growing mass of protoplasm only by division*®. 
The change of with growth leads to the 
disadvantage of the cell surface (proportional 
growth) until an equilibrium between input of 
metabolites and dissimilation is obtained. In this 
case, the critical size of the cell is reached**. The 
change in surface area, 8S at the adult stage of the 
cell is much less than the change in volume, 8V^of 
the cytoplasmic fluid. When the threshold value 
of this ratio, sS /SV is reached, the loss of inte¬ 
grated functions within the cell inaeases and 
thus disorganization will lead inevitably to cell 
death, if division of the cytoplasmic volume does 
not occur'*. 
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Nudear>cytojtenic rddtions are af¬ 
fected by temperature", gravity^, magnetic 
fieid*”^ and other environmental conditions. 
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Remains of swamp deer, and some other wild 
fauna of historic Sundarbans from Boral, 

20 km south of Calcutta 

During mid-1986, some skeleton re¬ 
mains of swamp deer, chital, wild buffalo, wild 
boar, estuarine crocodile, marsh crocodile, spe¬ 
cies of marine and fresh water turtles and fish 
remains were unearthed from a village "Boral" 
(c 22* 29' 54" N, 88* 35’ 20" E), 20 km south of Cal¬ 
cutta. The remains are interesting from the point 
of early zoogeographical distribution, as some of 
these species are now extinct in Bengal. They 
were excavated along with numerous potsherds, 
wooden log, net floater, metal bowl and terra¬ 
cotta figurines, while renovating one ancient 
tank ’Sendighi" coveringan area of 15 acres. This 
place, in the past, belonged to the Sundarbans 
swamp forest, through which the ancient Bhagi- 
rathi once flowed from north to south, where on 
Its western bank, the present village which was 
an ancient quay, now stands. During the excava¬ 
tion, Dr. Shibaprasad Banerjee, a noted agricul¬ 
tural expert of the village led us to the site and 
narrated the background of the area. The animal 
remains and archaeological implements were 
procured by the Zoological Survey of India and 
the Directorate of Archaeology, (Zalcutla, West 
Bengal respectively, for study. Altogether seven 
strata were unveiled in the si te wi th a chronologi¬ 
cal range of 12{X) AD to 200 KI. The majority of 
the remains were obtained from the 6th layer 
from surface (4/5 meters). This layer, locally 
known as "Pandav Pora", consisted of rotten 
wood and boles of mangrove species, mostly 
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Plate I 



Fig. 1 : (A) The broken lower jaw of Crocodylus paluslris (Lesson); (B) Tooth of Crocodylus paluslris(Lcsson); 

(O Tooth of Crocodylus porosus Schneider. 

Fig. 2 : (A) Lower jaw of lepidochelys olivacea (Eschscholbz); (B) Axis vertebra of Chitra indica (Gray); 

(Q Left humerus of Trionyx gangelicus Cuvier; (D) Plastron of Ilardella thurjii Gray; (E) Pectoral spine of Mystus sp. 


Fig. 3 : (A) Piece of carapace of Trionyx gangelicus Cuvier; (B) Piece of carapace of G/iitw (Gray), 
(O Piece of plastron of some unknown turtle. 


Fig. 4 : (A) Broken left mandible of Sus scrofa cristatus Wangcr; (B) Loft humerus without head and condyle of some 
undetermined ungulate; 


Plate II 





Fig. 1. Complete right radio-ulna of Cervus duvauceli Cuvier. 

Fig. 2 : (A) Broken tine of antler of Axis axis Ercxleben; (B) Broken antler with pedicel of Cervus'duvaucelt Cuvier; 
(Q Broken tine of antler of Cervus duvauceli Cuvier. 


Fig. 3. Broken rib of Bubalus bubalis Linnaeus. 

Fig. 4 : (A) Left metatarsal bone of Bubalus bubalis Linnaeus; (B) Left humerus without head of Bubalus bubalis Linnaeus. 
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Sundri and Garan, impregnated in sandy silt of 
dark grey colour. 

The species recognised in the faunal 
remains are: 

I. Swamp deer, Cervus duvauceli Cuvier, repre¬ 
sented by teeth, antlers and limb bones (Plate II, 
Figs. 1,2B, 20. 

2- Chital, Axis axis Erxlcben, represented by 
lower jaw and antlers (Plate II, Fig. 2A). 

3. Wild buffalo, Bubalus bubalis Linnaeus, rep¬ 
resented by teeth, jaws, ribs, vertebrae and limb 
bones (Plate II, Figs. 3,4 A, 4B). 

4. Wild boar, Sus scrofa cristatus Wagner, repre¬ 
sented by teeth and jaw bones (Plate I, Fig. 4A). 

5. Estuarine crocodile, Crocodylus porosus Sch¬ 
neider, represented by teeth, maxilla and man¬ 
dible (Plate I, Fig. 1C). 

6. Marsh crocodile, Crocodylus palustris, (Les¬ 
son), represented by teeth and mandible (Plate 1, 
Figs. lA, IB). 

7. Narrow headed soft shelled turtle, Chitra 
indica (Gray), represented by vertebra, humerus, 
carapace and plastron (Plate I, Figs. 2B, 3B). 

8. Fresh water turtle, T rionyxgangeticus Cuvier, 
represented by carapace and plastron (Plate I, 
Figs. 2C, 3A). 

9. Fresh water turtle, Hardella thurjii Gray, 
represented by a complete plastron (Plate I, Fig. 
2D). 

10. Marine turtle, Lepidochelys olwacca (Es- 
chscholbz), represented by jaw and carapace 
(Plate I, Fig. 2A). 

II. Bagrid fish, Myslus sp., represented by a 
pectoral spine (Plate 1, Fig. 2E). 

Out of the recognised species here, bar¬ 
ring the swamp deer and wild buffalo, all the 
other species are still extant in the present day, 
heavily shrunk Sundarban’s restricted area, with 
a thin and rapidly dwindling population. At 
least three mammalian species viz. the smaller 
one-homed rhino, the swamp deer and the wild 
buffalo were inhabitants of the historic Sundar- 
bans, which had an area of 11,000 sq. km, in 
VOL 54, NO. 4 


undivided Bengal, in the last century*'^. But sinop 
when they became totally exterminated is not 
precisely known to Zoologists. Specimens of tiie 
rhinoceros and wild buffalo obtained earlier tes¬ 
tify to their one time existence in the forests. One 
adult male and one juvenile rhino collected from 
the Sundarbans in the 19th century are still in the 
possession of Indian Museum, Calcutta. Besides 
stories of hunting wild buffalo in the late 19th 
century, skeleton remains of wild buffalo un¬ 
earthed from different belts of Sundarbans, de¬ 
pict early existence of the animal in the forests. 
But the presence of swamp deer, though its dis¬ 
tribution in the Sundarbans has been quoted in 
early zoological literature, has never l^n sub¬ 
stantiated by recorded evidence. So, the present 
find is not only remarkable as a first record, but 
it also testifies that the swamp deer existed in the 
forest even twelve centuries ago. 

Though, the few animal remains (us for 
example, specimen figured in PI. 1,4B), specially 
the plastron and carapace of undetermined 
turtles which could not be identified, still the 
identified remains which mostly belong to ani¬ 
mals of Sundarbans biomass draws to the con¬ 
clusion: (1) the Sundarbans was spread much be¬ 
yond its present limit in the north from the sea- 
coast, (2) there was a sizable population here of 
estuarine crocodile which is the largest reptile 
living, (3) quite a number of marine turtles, now 
rare, used to frequent the area, might be for 
reason of breeding, (4) it substantiates that 
swamp deer was a resident animal of the area for 
a few century. 

MANOMAY GttOSH 
UTPALSAHA 

Prehistoric Zoology Section, 

Zoological Survey of India, 

Calcutta. 

Received: 21 April, 1987. 

’W. T. Blanford, The Fauna of British India. Mammalia, 1891, 
(Taylor and Frandos, Red Lion Court, Reet Street, Lon¬ 
don). 

>$. H. Prater, Book of Indian Animals, 1%5, (Bombay Natural 
History Society I\iblication, Bombay). 

>B. Sheshadri, The Twilight of India's Wild Life, 1%9, (John 
Baker Publication, London). 


131 



Action of light and darkness on herbicide brown p 9 per containers at room conditions (24- 
toxicity to seed germination 32 "C). Since the seeds were found to possess 

very-low germinability due to the impermeabil¬ 
ity of the testa, they were scarified with cone. 
Herbicides have been known to inhibit HjS 04 ^ followed by thorough W'ash- 
the germination of weed seeds in agricultural ing in water. Germination tests were conducted 
crops’. However, the response of germinating by scattering acid-scarified seeds in Petri-dishes 
seeds to herbicides are distinct from those of (9 cm diam) upon 1 circle of Whatman No. 1 filter 
established plants^. Various types of herbicides paper, moistened with 4 ml of water or test 
allow the establishment of seedlings before ex- solutions. Aqueous solutions of the herbicides 
erting a lethal effect and death of seedlings may were prepared and diluted to give 1,10,100 and 
be preceded by malformation of shoots or roots®. 1,000 ppm of active ingredient. There were 25 
Little attention has been paid to such basic as- seeds per dish and 4 dishes per treatment. The 
poets as the influence of various environmental pH of the solutions was adjusted to 7.0. The 
factors on herbicide behaviour with respect to dishes were placed ^n a germinator maintained at 
seed germination*'^. The present communication 2S±1 *C. While some of the dishes were covered 
deals with the effects of 2,4-D (2,4-dichlorophe- with a piece of black nylon cloth, most of them 
noxyacetic acid) and 2,4,5-T (2,4,5-trichlorophe- were exposed to light from a fluorescent lamp. In 
noxyacetic acid) on the germination of seeds of the latter case, the dishes were wrapped with a 
Abutilon indicum (L.) Sw., a very common and double layer of coloured cellophane in order to 
troublesome weed in high uncultivated lands of obtain the different light qualities, such as white. 
West Bengal. Tfie aim is to deteimine the effects blue, green, yellow and red. 
of these two herbicides at different concentre- The (X>mbinedherbicide-light effect was 

tions and under darkness as well as different measured by germination counts from those of 
portions of the visible light spectrum. the control Any value above the control is in- 

Fruitsof A. tWteum were collected from dicahvee|jstiA\i^tionandbelowthecontrolthat 
the experimental garden of the Botany Depart- of inUbitiOa present study, both 2,4-D 
ment. Uni versity College of Science, Ballygunge, aiui 2, 4 , 5-T stl^lated seed germination of 
in October 1974. The dispersal units of each A. indicum at Iqift. concentrations (1 and 10 
individual fruit were at first separated and the ppm) as well as p^y or completely inhibited 
pericarp of each unit removed to set the seeds the process at high||concentrations (100 and 
free. The seeds, thus obtained, were stored in 1000 ppm). ■ 


TABLE 1: Herbiddal tctfoii on th# Mcd gmnination of A. indicum •• nodifltd by light and darkncM 



2,4-D 

1000 

0 

0 

1.0 ±u 

, 0 

0 

0 

100 

0 

17.0 ±5.8 

37.0 ±4.5 

5.0 ±25 

9.014.1 

13103 

10 

79.0 ±4.5 

81.0 ±4.8 

66.0 ±8.3 

45.0 ±6.5 

30.015.9 

56.0133 

1 

90.0 ±4.1 

65.0 ±8.2 

65.018.2 

59.0 ±9J 

28.018.9 

94.0103 

2,4,5-T 

1000 

3.0 ±2.5 

1.0 ±1.2 

0 

0 

14.016.8 

5.012.5 

100 

30.0 ±0.5 

2.0 ±1.6 

41.0±123 

18.0154 

31.01123 

11.0113.5 

10 

93.0 ±5.8 

40.0 ±16.3 

64.0183 

71.018.2 

49.012.9 

83.0110.3 

1 

72.0 ±11.5 

72,0 ±11.5 

95.0±4.0 

71.0181 

513173 

65.0173 . 

Control 

84.Qt9.8 

33.014.8 

27.0±9.0 

40.01133 

33.0173- 

. 21.019.0 
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It been generally found that herbi¬ 
cide's affect the growth of plants more in light 
than in darkness*. This does not follow in the 
case of germination of A indicum where herbi¬ 
cides tend to be mote potent in the dark than in 
the light. Moreover, 2,4,5-T was observed to be 
more effective than 2,4-D. This proves that the 
toxicity of the herbicides depends on the struc¬ 
tural configuration of the chemical. 

A difference in herbicidal activity, as 
modified by spectral sensitivity, was evident in 
A. indicum. It was noted that there was germina¬ 
tion inhibition in the 2, 4-D series under the 
influence of both green and red light. Such 
activity was also noticed in the 2, 4, 5-T series 
under the impact of all portions of the visual 
spectrum except the red. Interestingly enough, a 
combination of lower concentrations of 2, 4-D 
with either green or red light resulted in promo¬ 
tion of seed germination. Similarly, ah interac¬ 
tion of lower concentrations of 2, 4, 5-T with 
cither white or blife light exerted a promotive 
effect on germination. 

The general pattern of reduction in ger¬ 
mination percentage in different parts of the light 
spectrum was not similar to the pattern of reduc¬ 
tion in drj'-weight yield for photosynthesis^. 
This suggests that the effect of herbicides on 
germination may be operative through a process 
not related to photosynthesis but through some 
other mechanisms in metabolism. 

S.C.DATTA 
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Swarming and mating of Chironomidst , 
(Diptera: Chironomidae) in iaborattny 
condition 

Like other nematoceran diptera a great 
majority of chironomids also possess the ability 
to form swarms essential for mating’. Swarming 
in nature was chiefly studied by several worl^ 
ers^"* but there are only a very few account of the 
phenomenon in the laboratory. 

The present studies are based on obser¬ 
vations on the sequences relating to the swarm¬ 
ing and mating patterns in the laboratory,, , 

Stock colonies of each of die five spei^ ' 
of chironomids viz, IQeffemtusbarbaiUarsisiliii^- : 
fer), Chironomus filitarsis Kieffer, Clyptojendip^ „ 
barbipes (Staeger), Tam/tarsus fiiscithom Sktm 
and Tanypus bilobatus (Kieffer) were mainf^h^ 
for the purpose in separate nylon cages (10 cm.x 
10 cm X 10 cm) of card board framit^i Ardfic^l , 
day light condition was made wiA a 
fluorescent tubes from the ceiling of 
room. The lamps of 25,40,60 and lOO 
also used for providing lightsof varfoi»^j^it^^ , 
ties. The lights were switched on at 18 mis and , 
were off at 6 hrs. Since no automatic .light 
changer was available, dawn and dudt COpdft? 
tions were made by placing shades pf thfiTf^es . 


Dci^rtmentof Botany, 

University qf Calcutta, 

Calcutta 700 019. 

a ’ 

Rfceivtd: 1$ May, 19S7. 

'A M. Maytx and A. PcdjakodtMayhac, the GennlnatioA of 
Seeds, 1915, p. SB, (PergMDwm 
*A S. Cndts, The Chemistry«nd Mode of A<;likm of Herl^ 
cides, 1961, p. 269, (Intersdence, New Y«k), , 

5. W. Bingham, Vkti ScU 16^ 449,1968. 

♦L. Lewis, J. W. Darrel and S. Verfiateswaran, - 

lqgy,59,93,1969, . , S' 

•H A. Friesen, H. A Baetvdger and C H. Keys,C«i. /. Plani 
Sci., 4i 288,1964. 

*S. C Datta and S. Dunn, Weeds, 7, 55,1959. 


and ceiling of the cages..; 

In the appropriate conditi^fCp*^ 

K. barbatitarsis ( 6 : 9 * 3i4) and 77 <p^b bf 
barbipes ( 6 : 9 = 4:3) emerged from jtiiB-Ctiiltare^ 
and were observed to swarm at and 1 ^ 00 ' 

, to 18-30 hrseach day. Attheonsetdiliswaitniiiig» 
males initiated the phenomenon by stroking 
thpir antennae with the fore tar^. Thcw then 


walked rapidly along the sides of the cage and , ,< 
exhibited a positive phototropism. Slmilarlyi the v: 
males and females of C filitarsis, T.'‘fuscithora^j ; 
and T. bilobatus emerged attherateof 2:3,$:4ah|; 
2:4 respectively. The females began walking oh; ^ 
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the wall of the cage in 1 or 2 minutes in C.filitarsis, 
K barbatitarsis and G. barbipes, 4*5 minutes in T. 
fuscithorax and 5-10 minutes in T. bilobatus imme¬ 
diately after start of male. The males then 
performed short flights from one side of the cage 
to the other and took a turn around the cage and 
returned to the land. Both males and females of 
T. bilobatus were looked laxy in flight. In contrast, 
thefemalesof G. barbipes were most active among 
those investigated here. When the light was 
switched off at 6 hrs, the swarming took place at 
artificially dimmed condition of light. It was 
observed that the species of C filitarsis and K. 
barbatitarsis swarmed earlier than G. barbipes and 
T. fuscithorax. A few males of T. bilobatus were 
seen to fly from one side to the other of the cage. 

Nearly 30-40% males of C.filitarsis, 
40-60% of K. barbatitarsis, 20-30% of G. barbipes 
and 30-50% of T. fuscithorax participated in the 
morning swarm. The number of swarming indi¬ 
viduals began to deaease soon only a few min¬ 
utes after initiation of swarm. The swaiming of 
G. barbipes and T. fuscithorax took place earlier 
than in C. filitarsis and K. barbatitarsus alighting 
even the last male individual. 

Regarding the height and shape of the 
swarm it became evident that the swarm was 
greatly dependent to the number of individuals. 
During this investigation it became apparent 
that swarming with 10 individuals or less con¬ 
centrated about half way between the floor and 
the ceiling of the cage, but with 16 or more, the 
phenomenon remained confined near the floor 
and at times ceiling was also found to be used. 
Vigorous swarmers remained usually at the 
upper half of the swarm. 

The pattern of flight of swarming indi¬ 
viduals was studied in K. ^rbatitarsis and T. fus¬ 
cithorax. The swarming flight consisted of 2 
types—zig-zag and circular. In the former type 
alternate back and forth movement synchroni¬ 
sed with frequent up and down movements and 
the insect flew from one side to another while in 
circular movement one or more successive verti¬ 
cal loops appeared between the zig-zag move¬ 
ments. During the formation of a loop, the insect 
turned itself twice so that it generally flew for- 
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ward for most of the way without turebackward 
flight. Thus the insec;t sometimes flew laterally 
over a part of the loop formed in swarms of all 
sizes. The flight pattern of female though not 
identical with that of male, was so organized as to 
bring it into a close relationship with the male 
swarm. • 

Chironomids initiated copulation in a 
swarm and there appeared to be little doubt that 
the main function of the swarm was to bring the 
sexes together. Mating on the ground without 
swarming occurred in C.filitarsis, T. bilobatus and 
sometimes in T. fuscithora. Mating activity and 
behaviour were investigated in the cages and 
also by putting each of the individuals male and 
femaleof C.filitarsis, T. fuscithorax and T. bilobatus 
in small glass vials, the lids of which were tied 
with fine nylon net. The flies usually alighted on 
their sides with the ventral surfaces opposed and 
faced in the same direction resulting ultimate 
and to end position. Before mating the male ran 
after the female and in this action the forelegs of 
both the individuals were put forward. On 
meeting the partner the male seemed to feel her 
with forelegs and the palps. It used the forelegs 
to press the partner down in order to adopt the 
mating posture. The midlegs were also often 
used in this process. On reaching such a position, 
the tip of its abdomen curved down. In most 
cases the male approached its partner from be¬ 
hind, the tips of abdomens of both the mates 
touched and copulation began. Consequently, 
the male put itself on the back of the female at the 
beginning of the copula and the tip of their abdo¬ 
men connected and the two partners faced in 
same direction. This face to back position some¬ 
times persisted during the whole operation until 
the partners separated. 

The swarming behaviour of C. filitarsis 
and K. barbatitarsis corresponded to those of oth¬ 
ers®'^. In the light of present observation it could 
be referred that there was much less activity in 
swarming at dusk than at dawn in the laboratory 
condition. The mating on ground observed in 
this investigation app&red to conform to that 
described by others^*. 
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Free amino acid composition in the cell pool 
of three Indian edible musluooms 

The nutritive value of mycelial biomass 
has long been established to be largely depend¬ 
ent on its protein content more specifically on its 
amino acids composition. A number of scientists 
from different parts of the world have estimated 
the amino acids qualitatively and quantitatively 
in Agaricus blazei, A. campestris, Pleurotus sp., Le- 
piota sp. and Termitomyces sp.’"® The types and 
amount of amino acids in the cell pool of seveial 
cultivated mushrooms have earlier been 
reported*"*. 

It has been reported that the composi¬ 
tion of free amino acids in mushrooms is not only 
dependent on species but on the environment 
also in which they »ow as revealed from the 
studies on Boletus edules, B. luieus, B. wriegatus, 
Cantharellus cibarius and ArmiUam mellea Sev¬ 
eral mushrooms belonging to Tricholoniataceae 
and Agaricaceae have l^n reported*"* to contain 
a considerable amount of free amino acids (700- 
1600mg/100gdrymatter). Amino acids namely 
alanine, glutamate, proline and arginine in 
Agaricus bisporus and alanine, glutamate, valine, 
glycine and leucine in Pleurotus ostreatus have 
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been observed®*^® to be picdomlnAiit 1ft 
and free amino acid pool Fifteen to sixteen free 
amino adds in Stereum sp., LenHnuB edoda and 
Polyporus versicolor have been evaluated®^. A 
report®* on free amino adds coii^sition of Bole¬ 
tus luridus, Hygrophorus hypot^ and H. oliui- 
cealbus has indicated that alanine, proiine and 
aspartate are abundantly present in most spe¬ 
cies. I 

The present experimental programme 
has been undertaken to estimate the free amino 
adds in the cell pool of the submerged mycelia of 
Lentinus cladopus Lev., Lentinus squarrosUlus 
Mont, and Collybia maculata Alb. k Schw. grow¬ 
ing in basal (glucose-yeast extract-peptone 
medium) and the optimum media, maltose-yeast 
extract medium, sucrose-peptone medium and 
mannitol-yeast extract medium of the fungi in se¬ 
quence. 

Cultural methods and preparation of 
inoculum were done following Roy and Sa- 
majpati**. From the nutritional requirements of 
the mycelia, maltose, sucrose and mannitol (5% 
level each) of the carbon sources and yeast 
extract, peptone and yeast extract (05% level 
each) of the nitrogen sources were observed to be 
optimum for L cladopus, L squarrosulus and C. 
maculata respectively for maximum protein pro¬ 
duction. The extraction of cell pool amino adds 
and desalting of the extract were followed by the 
methods of Bhattacharjee and Banerjee** and of 
Plaisted’* respectively. The methods of chroma¬ 
tographic separation and quantitative estima¬ 
tion of free amino acids were of Fahmy and 
Berner’^'®* and of Giri et al.^* respectively. 

The data in table 1 reveal that the amino 
add composition in the cell pool in all the test 
fungi are good so far as the essential amino adds 
are concerned. The amino acids in the cell pool, 
growing in basal and optimal media do not show 
any remarkable variation, although a little in¬ 
crease in some amino acids is noticed. 

L cladopus is observed to contain higher 
amount of isoleucine in comparison to others, 
while L. sqmrrosulus and C. maculata are rich in 
leucine and phenylalanine contents respectively. 
All test fungi show no cystine but a little amount 
of proline. Methionine is present in considerable 
amount in both species of Lentinus. A relatively 
higher value of free amino acids have been re¬ 
ported** in Tricholomataceae and Agaricaceae 

135 



TABLE 1: Data (Mean)* ihowing Qte amount of ftee amino acida preacnt in the cell pool of Lentinus cMojmii Lentinus 
$ifuafro$ulu$ and Colljfiiia maculata grown under aubmeiged Editions in haul and optimum media . 

Amino adds_ Amount y/lOO g of dry rovcelial weight _ 

Lentirtus cladopu3 Lentinus niumosutus Coi/yMa m a cuiata 

Basal Optimum Basal Optimum Basal Optimum 

medium medium medium medium medium medium 


Leucine 



2.91±0.03 

2.8810.02 

—. - IS— 

•2.2010.03 

1.9210.11 

Lysine 

1.37±0.09 

1.4710,08 

2.5410.06 

2.7910.12 

0.8610.04 

2.0710.09 

Isoleudne 

4.3110.03 

3.93±0.12 

1.5810.12 

l.lftt0.09 



Aspartate 

2.83±0.12 

2.6910.01 

0.9710.09 

1.1110.06 

— 

— 

1 iistidine 

1.27±0.11 

1.56dt0.07 

1.87ia04 

2.4710.10 

2.7310.12 

2.6910.06 

Glutamate 

3.09±0.09 

2.8310.09 


— 

1.7910.06 

2.4110.03 

Methionine 

0.89±0.01 

1.07+0.11 

1.0710.10 

1.2210.06 


— 

Cystine 

nd 

nd 

— 

— 

— 

— 

Proline 

0.25±0.05 

a39i0.06 

03710.06 

03110.05 

0.2910.02 

0.4310.11 

Threonine 



0.9310.02 

03710.03 

— 

— 

Serine 


— 


— 

0.8510.01 

0.7610.05 

Valine 



2.6310.09 

2.9410.11 


— 

Tryptophan 

2.37±0.07 

2.7710.11 

0.9510.11 

0.6ftt0.09 

— 

— 

Tyrosine 

—• 

0.5Qi0.03 

— 

— * 

— 

— 

Phenylalanine 


— 

— 

— 

3.31+0.12 

2.8710.07 

Alanine 




— 

1.8910.06 

1.27iail 

Asparagine 

— 

— 

— 

— 

2.3710.05 

2.5510.12 

Argiidne 

—* 



— 

0.4910.03 

0.63iaQ3 


* Mean data of three repUcates under identical conditions; nd s Not detemined. 


but the amino adds in members of these families 
qualitatively resemble the present fimlings. Ac* 
cording to the literature^’’'" alanine, glutamate, 
proline and arginine in Agarkus bisporus and 
alanine, glutamate, valine, glycine and leudnein 
Pleurotus ostreatus are reported to be predomi¬ 
nant while the present study shows that isoleuc¬ 
ine, leucine, aspartate, valine and histidine are 
predominant cell pool amino adds. The report" 
on Lentinus edodes and Stereum sp. imiicates the 
presence of 15-16 free amino acids but in the 
present investigation, 9-10 cell pool amino adds 
havebeendetectedineachof thetestfungus. The 
findings^ on several species of Boletus, Cantharel- 
lus cibarius, and Amillam mellea resemble the 
present findings to a great extent. 
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CREDIBILITY AND ETHICS IN SCIENCE 


S CIENCE is systematic knowledge; the pur¬ 
pose of scientific investigation is advance¬ 
ment of the boundaries of knowledge and its aim 
is establishment of truth. Hence, credibility and 
ethics go hand in hand in any pursuit of science. 
Infact, credibility and ethics are two of the most 
essential qualities of ^y member of a civilised 
society and this is more true of any one engaged 
in the scientific profession, since honesty is the 
foundation of the system of science. Deliberate 
falsification and fabrication of data is the worst 
sin in science. 

Despite this position, however, fraudu¬ 
lent practice in science is not uncommon, and 
while this is known from the early days in the 
histoiy of science it has assumed a larger dimen¬ 
sion now commensurate with the rather explo¬ 
sive growth in scientific activity in the later half 
of the present century. This is evident from the 
/act'that less than a year ago the American Asso¬ 
ciation for the Advancement of Science (AAAS) 
held a conference to focus on research institu¬ 
tions' procedures for dealing with scientific ihis- 
conduct in publishing/reporting data and find¬ 
ings which cannot be reproduced. A scientific 
honour society (Sigma Xi) of USA has published 
a book entitled "Honor in Science" which gives 
practical advice to the budding scientists en¬ 
countering ethical problems in research. The 
Association of American Universities has issued 
a report on maintaining the integrity of research. 
In 1985, the editors of the journals published by 
the American Chemical Society (ACS) adopted 
ethical guidelines for the publication of results of 


chemical research. The Committee on Profes¬ 
sional Relations of the American Chemical Soci¬ 
ety liad a sub-conunittee on Professional Stan¬ 
dard which has now been renamed as the sub- 
comnnittee on Professional Standards and Ethics 
and given wider powers. Recently, this sub¬ 
committee has been assigned the responsibility 
to serve as a clearing house for ethical issues and, 
problems of research misconduct. 

Although outright and intentional fraud 
may be of rare occurrence in science, there are 
problems with less conspicuous but much more 
subtle forms of misconduct in scientific research 
which are of no less concern, viz. sloppiness, 
hasty conclusions based on unsystematic data 
and findings, lack of precision, self-deception, 
omission of data which do not conform to pre¬ 
conceived notions and preset hypothesis to 
smoothen the results, failure (often intentional) 
to acknowledge the source of an idea to claim 
originality, and even multiple publication of the 
same data. In fact, in a number of cases the same 
paper by the same group of workers has been 
publish^ twice in some Indian journals and this 
has been possible due to the extremely careless 
functioning of the concerned editorial boards. 
There are also cases on record where the discus¬ 
sion of some results^ is a verbatim copy of what 
appeared earlier in another journal without the 
earlier work being acknowledged. 

In this connection it is worth mentioning 
that regarding a paper published by some Indian 
authors in Science, (133, 648, 1961), published 
from Washington D. C. (USA) the Editorial 



Board of the journal came to know of an act of 
serious plagiarism and commented as follows: 

".Figure 3 in the same paper, which purports 

to be an original photograph, is a slightly en¬ 
larged copy of Fig. 1 in an earlier paper by 
Frenkel (Ann. N. Y. Aaid. ScL, 64,215,1956)". In 
an international conference held in India in 1979 
an Indian author submitted a paper for a session 
of the conference which was almost a true copy of 
an abstract of a paper published earlier in a well- 
known international journal and ns such it was 
not accepted; this was an accidental discovery of 
course. But despite this position, the concerned 
author and his band of supporters publicized 
that this was a case of victimization. He even 
succeeded in moving up the "ladder" quite fast to 
be promoted to a Professor’s post in a prestigious 
institution with active support of the influential 
bosses whom he had patronized well by syco¬ 
phancy. 

The tendency for not acknowledging the 
works of others is a habi t of c ven some o f the most 
renowned scientists of the developed countries 
and numerous examples may be cited. Some of 
them even suffer from a false sense of vanity in 
acknowledging the works of even reputed and 
established scientific workers of developing 
countries. A case in point is that of a very stable 
compound of silvcrdll), first synthesised and 
studied by a well-known Indian chemist, which 
though reported in treatises like "Inorganic Syn¬ 
theses", which publish results after actual check¬ 
ing and verification, has not been referred to in a 
comprehensive text book in inorganic chemistry 
written by a Nobel Laureate. Instead, in connec¬ 
tion with discussion of the compound the refer¬ 
ence of a much la ter work on the elucida tion of its 
structure by physical methods by some western 
workers is only given and not that of the original 
synthesis by the Indian group. Some Indian 
workers are of course notorious in the act of 
wilful supresssion of facts and not acknowledg¬ 
ing even the most well-known contributions of 
their colleagues elsewhere in the country; this 
they do with the ultcrier motive to claim origi¬ 
nality for their own contribution. There are also 
known cases of a paper sent for referring being 
13fi 


held up by the referee and meanwhile the latter 
got something similar published in his name. It 
was in this context that wo find the following in 
an editorial article published in the journal of tho 
InsHlution ofCheniisls (India), (45, Part IV, 119-22, 
July, 1973): 

"There is a subterranean conTplaint work¬ 
ing amongst some authors of papers in 
the country on unethical work of the refe¬ 
rees to whom the papers are submitted by 
the authorities of the journals for opinion 
on the suitability of such papers for pub¬ 
lication". 

In this article the author also mentioned about a 
paper bei ng sen t to a referee who after a very long 
time expressed that the paper was not suitable 
for publication. Later by an appeal to the Editor 
the paper was ultimately published but not be¬ 
fore the particular referee had published a paper 
in his name covering the findings of the origiiial 
author. 

Such acts of piracy and plagiarism in 
science are indeed most lamentable. But 
strangely enough many such persons succeed in 
bagging some coveted awards and recognitions. 
In this connection the article published in Nature 
(London), (308, 581-600, April 12, 1984) on the 
impressions of John Maddox on Science in India 
is worth noting. In this the author had touched 
upon a number of crucial matters which require 
serious thinking. What thisauthor said had been 
aptly summarised in an article published in the 
Journal of the Institution of Chemists (India), (56, 
111, May, 1984) as follows: 

"Publicity, politics, speeches, recycling of old 
ideas and false claims are smoothly 
operative for personal gain, and once the 
award is received it does not matter even if 
the fraud comes to light. Taking advantage 
of our environment of "ethics" the fellow 
smoothly moves up the steps of his ladder. 
The environment also encourages our scien¬ 
tists to become burcauaats and the worst 
part of it is that thus giving up life of working 
scientists they continue 1o pose and are still 
accepted as top working scientists of the 
Country". ‘ 
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Ill fact, in India such so-called big scientists sur¬ 
vive well due to lack of accountability and by 
having a group of stooges— the satellite scien¬ 
tists—who cling to them for undue favour and 
who survive at the mercy of those king makers in 
science. Any dispassionate and objective assess- 
.ment of many of those who had been elected to 
the Fellowship of verious Academies in India, or 
who got some coveted prizes and awards, or who 
got elected to the offices of Sectional Presidents 
or even on the General President of the Indian 
Science Congress during the last two decades 
woul4 amply prove this point. Examples are also 
there of persons been elected FNA only after 
being elected FRS. Indeed most of the Indian 
awards and recognitions have become m.ocker- 
ies as these hardly depend on the academic at- 
tainment^and contributions of a person. Quite 
’•recently sc /oral persons have been elected FNA 
ii^'a certain discipline in science despite their 
having hardly anj worthwhile contribution, 
despite the work of some of them been criticized 
at the international level, etc. Even a physicist 
has been purposely cleared through the Chemis¬ 
try Committee after being branded as a Chemists 
by the ruling coterie in violation-Of all norms and 
ethics. He has also been put into a chemistry 
committee of a Government Funding Agency at 
the pleasure of an influential person—one of the 
so-called "Dada" in control of scientific affairs in 
this country; in fact, ho has his stooges in many 
such committees so that he can easily fulfil all his 
wishes including disbursing favour of all sorts to 
his favourites. 

Such organised unethical practice and 
daylight robbery in science are almost unknown 
in most other countries; it was also less prevalent 
in our country even a few decades ago. But sadly 
enough the conditions have deteriorated rather 
fast. 

In contrast, we find the case of a Colum¬ 
bia University Professor in USA, withdrawing 
three of his communications from the Journal of 
the American Chemical Society, because parts of 
the work could not be reproduced. What is even 
more striking is that after a preliminary enquiry, 
the Columbia University authorities had set up a 
VOL 54, NO. 5 


committee to investigate the possibility of scien¬ 
tific fraud. But even geriuine complaints of a 
serious nature regarding even gross acts of fa¬ 
vouritism and nepotism and denying even the 
minimum rightful dues levelled against the king 
makers in science in this country are hushed up 
or go unattended. This is so much demoralising 
and it has vitiated the scientific temper of the 
community to such an extent that conditions are 
far from being conducive for science to develop; 
since in this situation even most competent per¬ 
sons hardly get the incentive and inspiration for 
any productive work of quality. Indeed, ina state 
of Uttar frustration many switch on to the 
cheaper and easier methods of obtaining gains 
by being sycophancts and ciphers of the influen¬ 
tial people in a give and take policy. The present- 
day conditions in India are such that people 
engaged in grave unethical practices are not 
considered unethical, but those who try to point 
out the same are branded as unethical. Infact, at 
the meeting of the Council of the Indian Science 
Congress Association held during the annual 
Congress of the association at Calcutta in Janu¬ 
ary, 1962 a small committee of two renowned 
Indian scientists was formed to prepare a note on 
the subject of ethics and code of conduct in sci¬ 
ence. But despite this pious resolution nothing 
tangible was done for any remedy; indeed the 
conditions now are worse than those of 1962. The 
reason is simple, the "Ghost is within the mus¬ 
tard itself". The situation has been aptly de¬ 
scribed by the author of an article published in 
the Journal of the Institution of Chemists (India), (43, 
Part IV, p. 135, July, 1971), a relevant part of 
which is quoted below: 

".unjustified claims, ovcrclaims and 

passing others' results as one's own are be¬ 
coming an infectious disease amongst scien¬ 
tists in the country specially in view of the 
high premium it is yielding with regard to 
securing big jobs, positions of honour and 
awards. A serious scientist absorbed in his 
research finds it difficult to develop the taste 
for going round authoritative persons, and 
but for his scientific contribution loses con¬ 
siderably though he may be very strong in 
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his little corner, while another proceeding 
along the above alternative track finds it 
much more convenient to secure all the lau¬ 
rels". 

The author further suggested setting up of an 
authoritative body to enquire into all such cases 
to curb the trend. But knowing the conditions as 
they are in this country to-day, this hardly seems 
to be the solution; the persons who will have easy 
access to any such committee or commission will 
have to be corrc'cted first. 

Numerous instances are there which 
lead one to believe that persons of questionable 
integrity and scientific morale easily get all sorts 
of awards and recognitions and also become 
decision makers in theexisting set-up in India. In 
fact many such unscrupulous people enjoy 
undue privileges as long as they live, but only in 
some extrcm.cly rare cases such a person may get 
exposed later in his life as it appears to have 
happened with a person enjoying the status of a 
covetcKi EmcritusProfessorof a University in Ra¬ 
jasthan who has recently been deprived of all the 
privileges of the Emeritus position after some 
unscrupulous past records became known due 
to the efforts of some of his adversaries. But in 
India to-day this is a rare event, not only in 
science but in all other spheres. Thus, despite the 
Central Government's professed policy to eradi¬ 
cate corruption a senior member of the central 
cabinet was hounded out of the party and the 
Government because of his taking positive ac¬ 
tions in fighting out corruption and there is a 
tendency at the highest level to hush up matters 
and thus protect the offenders. The same is very 
much true of those in control of scientific policies 
and activities in this countiy to-day. 

The line of demarcation between error, 
sloppiness and self-deception on the one hand 
and deliberate fraud on the other is rather diffi¬ 
cult to draw. Minor infringments are really quite 
common than deliberate fraudulent results. 
Although many may not consider this as fraud, 
they can be very damaging to the scientific 
community, and integrity of scientific efforts. 
Such unreliable data finding their way into the 
scientific literature may do a lot of harm such as 
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huge wastage of time, resources and energy of 
future workers in attempting to separate the 
cream out of water. 

There are three major stages in the dis¬ 
semination of new knowledge and safeguards 
are needed to catch misconduct at each stage. 
The first is of course the laboratory itself where 
high standards ought to be maintained to pre¬ 
vent the outflow of unreliable data. The second 
is at the publication stage where editors and 
referees judge the quali ty of a contribu tion. The 
third is of course replication by which others 
attempt to confirm or disprove the findings of 
earlier workers. But there arc big loop-holes at 
each of these stages through which incorrect 
and/or unreliable data may find their way into 
the world's stock of knowledge. 

The first line of defence is the laboratory 
where the results are gathered. Actually, no 
result is expected to be published unless the 
workers have scrupulously scrutinized and re¬ 
confirmed their findings with extreme care and 
caution taking fully into account the degree of 
reliability of the observations; for an experimen¬ 
tal work this largely depends on the inherent 
degree of precision of the instrument(s) used. A 
lack of understanding of this is often the cause of 
unreliable data coming out of many laboratories 
in India and possibly also in some other coun¬ 
tries. However, in the existing set-up a research 
scholar is under a constant pressure to publish 
quickly to have a renewal of his tenure and for 
being promoted to a senior position. The same 
pressure is also there on faculty members who 
are under the constraint of the traditional axiom 
"publish or perish". As a result of this pressure 
to publish, most often many scientific workers 
publish their results without exhaustive and 
critical scrutiny. Moreover, senior persons hav¬ 
ing a variety of other responsibilities guiding and 
supervising the work of a fairly large group of 
young people cannot check r very thing that a 
sludent/coworker reports. Hence, to prevent or 
at least minimize the chaqces for unreliable data 
leaving the laboratory, thotgroup leader should 
try to first inculcate in the young researchers the 
necessity for being extremely critical and objcc- 
SCIENCE AND CULTURE, MAY, 1988 



tive in scientific investigations and a rcspcctor of 
values including ethics in all form. They must 
learn not to suppress facts, or disown the contri¬ 
butions of others, and must share responsibility 
and accountability for the reported results. 

In the case of a fairly large research 
group it is impossible for the group leader to 
know precisely what is going on with each indi¬ 
vidual. Frequent group discussions and open 
seminars help a lot in such cases to minimize 
erroneous data flowing out. Unfortunately this 
situation does not exist in most places in our 
country. There is very little pre-publication 
exposure which can largely reduce chances for 
fraudulent publications. It is also important for 
a group leader not to be too excited about posi¬ 
tive and anticipated results and feel only de¬ 
pressed when the results are unexpected or even 
negative. In the words of Michael Faraday 'The 
scientist should be a man willing to listen to 
every suggestion, but determined to judge for 
himself. He should not be biased by appear¬ 
ances; have no favourite hypothesis; be of no 
school; and in doctrine have no master. He 
should not be a respector of persons, but of 
things. Truth should be his primary object. If to 
these qualities be added industry, he may indeed 
hope to walx within the veil of the temple of 
Nature". 

As mentioned earlier, the second stage is 
the publication stage when the results of a re¬ 
search work arc submit ted foi'publication. Here, 
the Ed’ tors (if they are really competent) and the 
referees have a chance to screen and reject sub¬ 
standard materials. However, at this stage one 
can hardly catch fraudulent data. They are ex¬ 
pected to judge the logical consistency, sound¬ 
ness of conclusions and the importance of the 
results. Surely, it is not feasible for them to 
rechcck every experiment or calculation. Refe¬ 
rees mostly work with the basic assumption that 
the author(s) are honest and scrupulous In re¬ 


porting their results. However, a competent and 
knowledgeable referee should bo able to ensure 
that a work is not a mere repetition of an earlier 
one by another group but unacknowledged in 
the present work. Due to huge proliferation of 
scientific literature this is also not quite easy to 
ensure particularly in cases of previous results 
published in some less well-known journals. 

The presently growing tendency to 
publish short communications rather than full 
papers is also a potential threat to the infalliabil- 
ity of scientific literature. In such short commu¬ 
nications experimental details are always miss¬ 
ing and hence it is quite easy for honest self- 
deception or even genuine fraud to slip in. Very 
few indeed bother if the dirty linen is not to be 
exposed to the public. It is, therefore, better not 
to accept a short communication for publication 
unless some essential basic details and informa¬ 
tion are incorporated in the communication. 

The third stage, which is the ultimate 
safeguard in science, is replication. How-ever, 
very few publications do face such a challangc, 
since there is little gain to a research worker by 
merely disproving some one clse’s work except¬ 
ing in some very special situations. 

Maintaining the integrity of science and 
at the same time remaining fair to the individual 
should be the rosponsijaility of every scientific 
organisation and society. Ultimately, scientists 
m.ust take the fullest responsibility for maintain¬ 
ing integrity and uphold ethics in science. Un¬ 
fortunately, such^n environment is sadly lack¬ 
ing in the country to-day due to uncanny, over 
ambitious and selfish motives of many of the 
members of the scientific community. In their 
effort for an empire building and self aggran¬ 
dizement they wilfully compromise in matters 
of virtues and values and thus lend support to 
immoral and unethical practices out of vested 
self-interests. □ 

D. Banerjea 
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MENTALLY RETARDED WITH SPECIAL REFERENCE TO EPILEPSY* 


ASIMA CHATTERJEE” 


AT the outset I would like to thank Professor 
jLm. P. K. Bose, President, Indian Science News 
Association, former Pro-Vice-Chancellor Aca¬ 
demic, Calcutta University and Professor S. N. 
Ghosh, former Sir Rashbehary Ghosh Professor 
of Applied Physics, Calcutta University, and 
presently Senior Scientist, Indian National Sci¬ 
ence Academy, New Delhi, for inviting me to 
deliver the Santanu Ghosh Memorial Lecture. 
Santanu was the eldest son of Professor S. N. 
Ghosh. He had suffered from nephritis since his 
childhood. Though he suffered from kidney 
ailments very often, which compelled Santanu to 
be confined to bed, he was never perturbed. He 
loved to study scientific literature and personi¬ 
fied himself with science. He had great enthusi¬ 
asm for scientific discoveries and inventions and 
spent most of his time with books on science. His 
flair for scientific modelling and his keen interest 
in assembling and repairing various machines 
developed when he joined the science stream of 
the Higher Secondary Course after passing the 
Secondary Examination. He had diverse inter¬ 
ests. He was interested in oil painting and spiro- 
graphic art. Collecting records aiid tapes was his 
hobby. He loved music. The songs of Rabin¬ 
dranath, Rajanikanto and Atulprasad inspired 
him till the last days of his life. 

Santanu calmly faced all the sufferings 
of nephritiesand accepted his fate with boldness, 
courage and determination. On 31st of July, 
1979, he went to the hospital, never to return. 

Santanu's father. Professor S. N. Ghosh 
has instituted a lectureship to commemorate his 
memory I gratefully accept this honour to deliver 
the second Santanu Ghosh Memorial Lecture. 
The topic that I have selected for this second 
Santanu Ghosh memorial lecture is "Mentally 
Retarded with special reference to Epilepsy". 
Epilepsy is a social problem which is a matter of 
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grave concern throughout the globe. 

The Indian Council of Medical Research 
undertook a Survey of physically handicapped 
and mentally retarded in India and in 1971 they 
reported that (1) 30 lakhs of population wore 
mentally retarded, (2) 90 lakhs were physically 
handicapped, (3) 40 lakhs were deaf and dumb 
and (4) 60 lakhs were blind. Since 1971, the total 
population in India has increased by 20% and 
therefore,we have to consider for social security 
at least for 2.5 crorcs population of handicapped 
or mentally retarded. This is a very important 
and urgent issue of the day as neglect in social 
security of these handicapped or retarded is 
causing anguish and loss of peace to the families 
of 4.5% of total population every year. 

It is not possible for any individual to 
deal with these problems. That is why the 
W.H.O. has a Social Security Department which 
is trying to deal with the above problems in dif¬ 
ferent countries by coordinating Departments of 
Health, Education and Social Welfare. 

Behavioral disorders in the mentally 
retarded as well as other groups of handicapped 
have attracted the attention of sociologists, an¬ 
thropologists, psychologists, psychiatrists and 
educationists in general. In this particular field 
the rehabilitation programme cannot be gener¬ 
alised as the pattern of behavioral disorders var¬ 
ies from individual to individual. However, it is 
being realised that if from birth such disorders 
can be diagnosed or possibilities of such can be 
detected and treatment is instituted early, subse¬ 
quent management or rehabilitation is feasible. 

*Second Santanu Ghosh Memorial Lecture held on 
17 August, 1987, under the ay^pices of Indian Science 
News Association. 

**Centre of Advanced Study on Natural Products, Dept, of 
Chemistry, Calcutta University, Calcutta - 700 009. 
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There is considerable improvement in the be¬ 
haviour and the possibility of becoming grossly 
crippled is much less. 

Mentally retarded cases ure' mainly of 
three categories: (1) ment dly retarded only, (2) 
spasticity with retarded cases with or without 
epilepsy, (3) epilepsy with mentally retarded 
cases of varying degrees. In all the groups, 
behavioral disorders can be rectified considera¬ 
bly if the history of the case is properly studied. 

As the treatment of such disorders is 
now directed to bring the retarded child under 
the rehabilitation scheme extensive searches are 
being niadc in the plant kingdom by chemists, 
■ ayurvedic physicians as well as modern medical 
scientists. Indigenousmedicinal plantsarebeing 
considered as probable remedies. For over 
twenty years my department and my research 
staff and myself are actively associated with such 
approach to the treatment of epilepsy and men¬ 
tally retarded. 

Epilepsy was known in ancient times to 
belheeffectofanattackbyanevil spirit. Though 
physicians long before the time of Hippocrates, 
suspected epilepsy as a disease, the recognition 
of epilepsy as a clinical entity was due to Hippo¬ 
crates. In his writings there is clear presentation 
of observation regarding this disease which 
formed the basis of medical teachings through¬ 
out the middle ages. The first scientific mono¬ 
graph on epilepsy, entitled "On the Sacred Dis¬ 
ease", is a classical treatise dealing with these 
ancient beliefs and it is described there as a 
disease of the brain due to natural and not super¬ 
natural causes. 

Epilepsy’*, as it is recognised now, is de¬ 
fined as a chronic clinical d isorder or a synd rome 
characterised by recurring paroxysmal attacksor 
fits in which consciousness is lost or impaired in 
varying degrees with or without succession of 
tonic or clonic muscular spasms. It may appear 
at any age but generally has its onset most fre¬ 
quently in early childhood. Individual seizures 
of fits vary in severity from almost impercep¬ 
tible, momentary lapses of consciousness or 
mental clouding to violent generalized convul¬ 
sions lasting for several minutes. 
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] oilepsy according to the W. H. O. dic¬ 
tionary is ncuropsychiatric problem with brain 
disorder o. various etiologies characterised by 
recurrent si zurcs due to excessive discharge 
from cerebral neurons associated with a variety 
of clinical and laboratory manifestations. John 
Houghlings Jackson (1834-1911) gave the mod¬ 
ern concepts and correct interpretations of epi¬ 
lepsy on scientific basis. 

Jackson had firmly established that epi¬ 
lepsy is a case of mental retardation arising out of 
abnormal functions in the brain. Brain is a com¬ 
plicated electric cell. Normal biochemical reac¬ 
tions of the brain cells produce electric waves of 
10-100 cycles/second. Any increase or decrease 
in the biochemical activity of the brain results in 
an irregular out of phase discharge from neurons 
(nerve cells) that cause their hyperexcitability 
resulting in epiletic convulsion usually desig¬ 
nated epileptic attacks. This is probably due to 
the generation of short circuit in the brain due to 
the disturbances in normal biochemical path¬ 
way. 

A working classification has so far been 
used by the clinicians from therapeutic point of 
view to decide whether paticntshaveattacks that 
arise in the cerebral cortex i.e., focal cerebral 
seizures or in a subcortical region i.e. centraceph- 
alic seizures, and the third type that arises from 
unlocaliscd areas of brain as a result of diffused 
abnormality i.e. unlocaliscd cerebral seizures. 

Jackson's proposal that epileptic attacks 
are caused by "occasional, sudden excessive, 
rapid local electrical discharges of gray matter of 
the brain" has been substantiated from the stud¬ 
ies of the changes in the normal brain wave 
patterns. The changes can be detected by a 
sophisticated instrument termed the electro 
encephalograph. In case of epileptic patients the 
encephalograms do not exhibit normal brain 
waves pattern. Epilepsy has been broadly clas¬ 
sified into four categories Pctitmal epilepsy, 
Grandmal epilepsy, Jacksonian epilepsy and 
Partial epilepsy (Psychomotor). 

(i) Petitmal epilepsy : In such cases EEG exhibit 
fast waves with a burst of heavy electrical 
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discharges which slop before conscious¬ 
ness is lost. If consciousness is lost it just 
continues for 5-20 seconds. 

' EEG exhibits alternately slow and fast 
waves and generalised rhythmic spike. 

(ii) Grandmal epilepsy : Seizures accompanied 
by general convulsions, chewing motions 
and loss of consciousness. Due to heavy 
neuronal discharges which spread through¬ 
out the CNS system (Cortex, lower part of 
the brain and the spinal cord) tonic convul¬ 
sions are observed followed by clonic con¬ 
vulsion. EEG shows fast brain waves Elec¬ 
tric rhythm is of increased rate and high 
voltage^ 

(iii) Jacksonian epilepsy (Focal Epilepsy): Dis¬ 
charges are localised without loss of con¬ 
sciousness and EEG shows high frequency. 

(iv) Psychomotors seizures: Consciousness is not 
lost. This is characterised by an attack of 
abnormal rage, sudden anxiety and a 
moment of incoherent speech. 

A typical EEG shows a low frequency. 

At the onset of seizures (epileptic attack) the 
patients may have the following sensation: 

Heaviness and giddiness in the head 
Tension in the eyes 
Ringing in the cars 
Dim vision 

Bad odour and bitter taste and 
Pain in abdomen 

(These symptoms are called Auras due to 
sensory, motor and psychical changes). 

During attack the patient 
becomes Dumb and 

Insensible to space, sound, sight and pain 
Smiles, unaccountable due to extraneous 
cause 

The body is twisted from all sides with 
clonic and tonic jerks. Fists and teeth are 
clenched 

Eyes and mouth are distorted 
with copious salivation and foaming from 
mouth, and 

Difficult breathing (Dyspnoea) leading to 
loss of consciousness. 

For the effective treatment of the disease 


which results due to the malfunctioning of the 
central nervous system it is necessary to study 
the etiology of epilepsy and to find out the causes 
of this malfunction. Investigation so far carried 
out in this field have shown that jpilepsy may be 
idiopathic or non-idiopathic (Table 1). 


Idiopathic 

(I) Congenital 
defects 

(ii) Head trauma 
e.g. blood clot 
in the brain 


(lii) Neoplasm 
Brain scan in 
such cases is 
of consider¬ 
able diagnos¬ 
tic value 


TABLE 1 

Non-idiopathic (cause not known) 

Normal metabolism, i.e. normal bio¬ 
chemical reaction is disturbed and a 
proper balance between excitation and 
inhibition of brain activities is lost lead¬ 
ing to the disruption of interlinked 
nervous system in the nerve network. 
This leads to a short circuit resulting in 
epileptic convulsions Radiological, 
an^ographic and brain-scan investi¬ 
gation does not reveal any abnormal¬ 
ity. Recently studies in cerebral blood 
flow and positron emision tomography 
(PET) have shown that epilepsy is not 
due to any definite morbid lesion in 
brain. It is caused by abnormally active 
brain tissues resulting from injury, in¬ 
fection or from unknown agents. 


Epileptics have an epileptogenic focus 
i.e., some of the nerve cells, if not all exhibit 
hyperexcitability, i.e., the threshold of neuronal 
excitability is much low. Low threshold systems 
are to be considered as the causative factors. 
These cells under excitable conditions caused by 
exteroceptive or interoceptive stimuli, trigger a 
volley of nerve impulses transmitting to the 
normal neurons. Due to this bombardment of 
neuronal activity at high frequency normal neu¬ 
rons get excited with the spreading of abnornral 
neuronal firing from the focal area to other parts 
of the brain. 

The basic principle of therapeutic man¬ 
agement will be 

to restore thehyperexcitable state of the nerve 
cells or neurons to the normal state (normal 
functional level), avoidance of exteroceptive 
(vision/hearing /pain/touch /temperature) 
and interoceptive stimuli (heart, blood ves¬ 
sels and viscera which have their tone pri ma- 
rily myogenic but influenced by the auto¬ 
nomic nervous ^stem) may throw thehy- 
per-exdtable system into seizure activity, and 
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re-establishment of the interlinked system of 
the different organisation of the nervous 
system. 

The effective treatment needs the resto¬ 
ration of normal biochemical pathway. For the 
purpose, besides drug administration, mental 
rehabilitation in adjunct with psychotherapy is 
necessary to help the neurons to regain normal 
activity. 

Synthetic drugs which are frequently 
used for the treatmet of Grandmal, Petitmal, 


Drugs for the Treatment of Grandmal 


ONa* 

oc ICO 


— 


2CO 

mn 


Phenotoin sodium 
(Dilantin) 



Mephenytoin 
(Mesantoin) 


Drugs for Psychomotor Epilepsy 


qH,-CHjCONff 




Phenacemide 
(Phenurone) 



H-C_ 

Lie 



Methsuximidc 
(Celontin) 



CONHj 


Caibamazepin 
(Tegretol) 



Elhotoin 

(I’cganono) 



Mysohne 

(Pnmidono) 

Fig,l 



Phcnobarbjtal 
(Luminal) 


Drugs for Petitmal 



Rg.2 


Fig. 3 

Drugs for Jacksonian Epilepsy 
(Cortical Epilepsy) 

H 



Phonobarbilal (Luminal) 

Fig. 4 

Psychomotor and Jacksonian Epilepsy are 
shown in Figs.1-4. 

These synthetic drugs arc highly toxic. 
They produce (a) Gum hypertrophy (b/ Ataxia 
(c) Pancytopenia (d) ^vere skin eruption 
(e) Bone marrow depression (f) Nephrosis 
(g) Photophobia (h) Hepatitis (affects liver func¬ 
tion) (i) Diplopia (j) Psychoses (k) Mental 
dullness (1) Haematuria (m) Anorexia and 
(n) Insomnia. 

Other undesirable effects are also ob¬ 
served e.g. personality char»ges, drowsiness, irri¬ 
tability, nausea and vomiting. 
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In some casesdrug resistance also devel¬ 
ops. Due to toxic effect it is sometimes necessary 
to wfithdraw the drugs but the withdrawal of the 
drug heavily precipitates the seizures. 

Thereby an intensive search was made 
to discover efficacious drugs from the plant 
kindgom. After intensive search it was possible 
to discover drugs from herbal sources, the most 
effective being marsilin (Fig. 5) from the water 
fern—Marsilea minuta (vernacular name: 
Sushuni). 

Major Chemical Constituent of Marsilea 
minuta Linn. 

C^sH^.COOH + C„H3,CHpH 

(Hexacosanoic acid) + (1-Triaconlanol) 

A 

Hydrolysis 

Cj^H^COOCHjC^Hj, 

MaralliD 

Fig. 5 

Further investigation revealed that suitable 
medicinal preparation of combined drugs from 
Sushuni [Marsilea minuta Linn (Marsileaceae)l 
and Brahmi [Bacopa monnieri Linn.(Scrophulari- 
aceae)] or Sushuni and Jatamansi [Nardostachys 
jatamansi DC. (Valerianaceae)l^" ’ (Fig. 6) arc 

Major Chemical Constituents of Nardostachys Jatamansi 



much more efficacious than the single herbal 
medicine. Crude extracts of these plants show 
remarkable therapeutic effects in epileptics and 
arc belter than the pure components. The en¬ 
hancement of the drug activity in such cases is 
due to syncrgeslic action of tlje components 
other than active constituents occurring in plant 
cells. 

The chemistry of the major chemical 
constituents of Nardostachys jatamansf '^ and Ba¬ 
copa monnierF have already been reported. A 
comparative study of herbal medicine and syn¬ 
thetic drugs has been made (Table 2). It would bo 
seen that the former is much b*‘i‘or than the 
synthetics, so far as the health ha .. r.i are con¬ 
cerned. 

TABLE 2; Comparative studies on Herbal Medicine and 
Synthetic Drugs 

Herbal Medicine Synthetic EJrugs 

Mar.silin and combination Phenobarbitone, Melleri! 

of the concentrated alcoholic and Mysoline. Epoloin and 

extracts of ManiUa minuta Mesantom 

(Sushimi) and Nardostachys 

jatamansi (jatamansi) or 

Marsilea minuta (Sushuni) 

and Bacopa monnieri (Brahnu) 

1. Anticonvulsant 1. Effective in controlling fits 

2. Non-toxic 2. Toxic 

3. Effective in alleviating 3. Dimmish the behavioral 
the mental and behavioral disorder to some extent 
disorder of epileptic patients 

besides controlling fits. 

4 "Withdrawal Phenomenon"4. Withdrawal effect is 
is not observed. serious Violent fits precipi¬ 

tate. Behavioral disorder 
reappears. 

5. Spike discharge and 5. Suppressive I>ugs. 

"abnormal slow waves" 

(2-4 and 4-6 cycle/sec.) 
gradually disappear. 

6. No change in personally. 6. Change in personality. 


Besides the treatment of the epileptics 
with herbal medicine therapeutic manog^'Penl 
empltasiies the implementation of mental reha¬ 
bilitation programme, environmental change 
and occuoatinn according 1o the preference of 
the patients The scenario in the envirorunent 
very often irritates the epileptics. Thereby 
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mental rehabilitation and even removal from 
their residence to mental homes is necessary. 
Besides, they mustbe kept engaged with suitable 
jobs to their satisfaction. For this purpose the 
patients should be kept under the supervision of 
the psychiatrists and psychologists who on care¬ 
ful psychoanalyses w'ould be able to find out 
what particular job would be suitable to them 
and also whether they would be satisfied with 
the nature of the job. 

Thereby not only therapy with herbal 
medicine but also mental rehabilitation, occupa¬ 
tion therapy and environmental changes are 
necessary to restore the normal function of the 
brain and keep the epileptogenic focus undis¬ 
turbed thereby preventing the provoking of hy- 
perexcitable neurons and maintaining peace of 
mind. 

It needs mention in this connection that 
although herbal medicines may take time to pro¬ 
duce perceptible effect on the patient, they are 
definitely better than synthetic drugs on a long 
term basis. 

From the extensive clinical trials with 
the epileptics using herbal drugs it has been es¬ 
tablished that epilepsy rs a neuropsychological 
and neuropsychiatric problem. Epilepsy is char¬ 
acterised by (a) Epileptic fit and (b) Quiscent 
period during which behavioral and/or psycho¬ 
logical changes could be observed. 

While concluding it may be stated that 
marsilin or the combined drug (p. 146) has a defi- 
nite influence on the metabolism of the brain. 
These chemicals probably influence GABA me¬ 
tabolism and control the synthesis, storage and 


destruction of serotonin and other monoamines 
in such a way so as to correct the short circuit in 
the brain which is responsible for hyperexcitabil¬ 
ity. 

As rehabilitation programme is an es¬ 
sential paripassu it may be concluded that herbal 
products are important for the rehabilitation 
therapy for helping in reconditioning the bram^ 

Re/ercnccs 

’Alfred Burger, Anticonvulsant Drugs, Medicinal Chemis¬ 
try, Part 1,1960, pp. 376-386, (Interscicnce Publishers, Inc. 
New York). 

’Alfred Burger, Anticonvulsants, Medicinal Chemistry, 
Part-III, 1981, pp. 829-858, (John Wiley and Sons, Nevv- 
York). 

’Joseph G. Chusid, Epilepsy, Correlative Noiuoanatoniy 
and Functional Neurology (19th edition), 1986, pp 423 
431, (Lange Medical Publications, USA). 

‘Epilepsy, lire Molecular Basis of Neuropathology, Edited 
by A. N. Davison and R H. S. Thompson, 1981, pp. 265- 
301, (Edward Arnold Ltd). 

’(Mrs.) C. S. Rukmini Iyer, C. D. Shah and (Mrs.) A. 

Chatterjee, Indian journal of Chemislrj/, 12, 281,1974. 

S. R. Mukherjee, B. K. Muklierjce, P. K. Doy, C. D. Dey, 
C. Chatterjee, N. N. Chatterjor, A. Mazumdar, A. Sen, A. 
Roy and A. Chatter)ce, C. P. Dulta and B. Choudhury, A 
problem in the act of learning and effect of marsihn on 
rehabilitation of epileptics, (Hospital for Oippled Chil¬ 
dren and Rehabilitation Homos, Bon- Hooghly Croup 
of I lospitals, under the auspices of the Society of Expert 
mental Medical Sciences, India and Departments of 
Psychology, Phychology and Pure Chemis- try. Univer¬ 
sity of Calcutta). 

’S. N. Shanbhag, C. K Mesta, M. L. Mahcshwari, S. K. 
Paknikar and S. C. Bhaltacharya, Tetrahedron, 20, 2605, 
1964. 

'S. N. Shanbhag, C. K. Mesta, M. L. Mahcshwari and S. C. 

Bhaltacharya, Tetrahedron, 21,3591,1965. 

'T. R. Seshadn and M S. Sood, Ph-^lodtemistry, 6,445,1967 


VOL. 54. NO. 5 



ROLE OF STATISTICS IN NATIONAL PLANNING 
AND ECONOMIC DEVELOPMENT* 


P. K. BOSE” 


Introduction 

P rofessor P. C. Mahalanobis has explained in 
a lucid way the use of Statistics in planning 
and further he has demonstrated its importance 
in planning while formulating t'-o SecOiid Five 
Year Plan. 

National planning has several aspects. 
First there is the preparation of plan at the tech¬ 
nical level where the co-operation of workers 
from the different areas of S and T is required. 
Statistics is essential at this stage for the supply of 
correct infornuition. Secondly the individual 
plans have to be built into a general plan. Flere 
also Statistics is the common denominator and 
supplies the common binding medium for the 
whole. Thirdly the plan has to bo implemented. 
At this stage Statistics can help in two ways. 
Firstly by establishing controls to ensure the 
programme of action proceeding on etticienl 
lines. Secondly by conducting continuous as¬ 
sessments of results by keeping account of the 
input of money, effort and resources and meas¬ 
uring what is obtained in return. This is a con¬ 
tinuous process. In working of the plan, defects 
are revealed and new possibilities emerge re- 
quiringconscquentialchanges. Statisticsisagain 
invaluable indiagnosing weaknesses, inguiding 
controlled experiments and in suggesting im¬ 
provements. Statistics is thus an integral part of 
the dynamics of national planning. 

Statistics had its origin from the collec¬ 
tion of information relating to social and eco¬ 
nomic conditions of the people, its help in mak¬ 
ing policy and administrativcdecisions. In every 
country it may be noted that whenever there has 
been an upsurge of social political and economic 
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activities there has also been a rapid advance of 
Statistics. A few instances may be cited. In our 
country, Maurya period reached its peak in the 
time of great Asoka and Arthasatra of Kautilya 
claims to date from this period 321-296 BC. The 
detailed description of contemporary industrial 
and commercial practice poin ts to a highly devel¬ 
oped Statistical system. Instructions arc given 
about the classification of villages. Specific deci¬ 
sions are given for s detailed census of land and 
field. It is the duty of Gopa, village accountant to 
attend to the accounts of five or ten villages as 
ordered by Collector General. One striking fea¬ 
ture in the Arthasastra is the emphasis on the 
need of checking and verification by independ¬ 
ent agents working in secret without the knowl¬ 
edge of the original enumerators. 

Nearly two thousand years later in 16lh 
century, in the time of great moghal emperor 
Akbar, we find again a very elaborate system of 
Statistics in the comprehensive survey of the 
country called Ain-i-Akbari. The Aiti-i-Akhari 
gives a detailed adminislrnlive and statistical 
accountoflndiaasitwasaboutl590A.D. Under 
the great emperor Akbar. In Ain is given a 
detailed account of the classification of land 
based on yield of crops. A distinction is made 
between yields in two seasons 'spring harvest’ 
and 'autumn harvest’. Ain-i-Akban gives the 
area, revenue valuation, strength of army and 
other details for about 15 Subhas (Provinces) 
comprising over 120 Sarkars (Districts; and over 
3000 mahals (townships and subdivisions) 
extending from Assam and Arakan to Afganist- 
han. 

__ ^ 

* Third Saiiljnu Cho.sh Mcnuiri.il Loctiirc tiel J on 11 April, 
1988, under the auspices of Indian Science News .A.ssocia- 
tiun. 

** Dept, of Statistics, Calcutl.i University, Cilcutta-7eui^l9 
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In the British Period in India, at the time 
of renewed country wide economic activities 
there were great advances in Statistics of which 
one striking example was the survey of East 
India by Francis Bechanan in the first decade of 
the 19th century. During the last 40 years since 
independence there has been a great deal of ex¬ 
pansion of Statistical activities in India. 


Part I: Statistics in National Planning 
and Development 

Here I will discuss in brief the use of 
Statistics in national development. The real ob¬ 
ject and justification forcollectingStalistical data 
IS to use this information to make policy deci¬ 
sions i.c. to choose that particular programme 
which is likely to serve most effectively the pur¬ 
pose in view. SlalisScians have to perform a four 
fold task. Firstly to conduct properly organised 
surveys for collection, analysis and appreciation 
ofrelcvantStatistical data. Secondly on the basis 
of such information, to help in the choice of an 
efficient programme of action. Thirdly when the 
plan goes into operation, to measure the progress 
of work and to assess the results acfiieved. And 
finally on the basis of such assessment either to 
report that the work is proceeding as desired or 
not. If not, the plan itself may have to be 
modified. In this way the four step cycle Foiimi- 
lation — Implementation — Monitoring—Appraisal 
would continue throughout the plan period. 

Statistics can be used both in a strategic 
and in a tactical manner i.c. cither to decide 
questions of overall economic policy and, pro- 
granrme or for developments in specialised sec¬ 
tors. I shall discuss the use of Statistics in impor¬ 
tant sectors of economy. 

(a) Design of Experiments for Higher Productivity 

The aim of science and practice of agri¬ 
culture is to increase crop production by using 
better seeds, bettor methods of cultivation in¬ 
cluding use of better water management. This 
has actually happened in India. In the agricul- 
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tural field before 45 years the country used to 
import rice from Burma, wheat from Europe and 
cotton from Egypt. The food grains output has 
over this period trebled from 50 million tonnes to 
150 million tonnes and the spectre of famine 
which dominated the economy in fifties no 
longer exists. Statistics has played a significant 
role in this achievement. A most significant de¬ 
velopment in modern Statistics took place when 
R, A. Fisher introduced the technique of 'design 
of experiments' which increased the precision of 
field trials. A simple illustration may be helpful. 

The fertility of the soil varies sometimes 
widely from one part to another within even a 
small plot of agricultural land. If the plot is di¬ 
vided into a number of strips and a different 
variety of rice is sown in each strip it is quite 
possible that a really better yielding variety 
would sometime giveamuch lower yield thanan 
inferior variety simply because the former hap¬ 
pened to have sown on a strip of land in which 
the soil fertility was exceptionally low while the 
inferior variety was sown by t hanceon a patch of 
soil which was particularly fertile. Unlessdiffer- 
ences in soil fertility can be eleminated no reli¬ 
able conclusions can be drawn as to which vari¬ 
ety has a really higher yield. After many decades 
of agricultural field experimentation there was a 
complete dead lock by about 1920 it seemed that 
further progress was not possible. It was Fisher's 
genius to show how, by a very simple change in 
the lay out of the experiment it is possible to 
eleminalc the effect of soil differences and draw 
conclusions with scientific validityand high pre¬ 
cision. The logic of Fisherian design is very 
simple. In pro Fisherian experiments a plot of 
land would be divided into say 4 strips each of 
which would be sowm with 4 varieties of rice. In 
the Fisherian design each of these 4 strips is 
divided into 4 plots forming 4 columns and 4 
rows with 16 plots in all. The varieties are then 
sown in such a way that each variety occurs once 
and only once in each column and in each row of 
plots. Each column (and each row) now has all 4 
varieties so that total yield of each column (or 
each row) now become strictly comparable so 
that soil differences, if any, can be detected and 
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eliminated in an objective manner. Also instead 
of yield of single strip the yield of 4 plots of each 
variety is now available which makes it possible 
to calculate the margin of error of the estimate in 
valid manner. 

The design of experiments has been 
gradually extended to scientific and technologi¬ 
cal experimentation of all kinds and has added a 
powerful new tool in the hands of the scientific 
investigation. 

The much higher level of precision at¬ 
tended in the Fisherian design of experiments 
made rapid developments possible in the breed¬ 
ing of new and improved varieties of plants. In 
the case of wheat in India amazing results have 
been obtained. The yield was improved to such 
an extent that money value of additional produc¬ 
tion of whea t i s of the order of several millions of 
rupees every year. With the help of new Statisti¬ 
cal tools fundamental genetic researches have 
lead to an equally startling in the yield of rice, 
which will have important repercussions on na¬ 
tional development in India. 

^b) Large Scale Sample Survey for Plan Formulation 
and Assesment 

I shall now refer to a general method 
namely the use of Statistical Sampling which 
has been practised from the beginning of human 
history. It is however only during the last five 
decades that serious attention is being given to 
the use of StatisticalSampling on a large scale for 
the collection of social and economic iiiformation 
of all kinds and significant developments have 
taken place in the design of smaple surveys. 

In agriculture, public health or social 
and economic studies Statistical methods are in¬ 
creasingly used. In practically all situation in 
which we have to be made almost invariably by 
the method of sampling method. With thegrow- 
ing complexity of human society, s<iales of 
operation are rapidly increasing in size. In appli¬ 
cation to practical problems the sampling 
method has to be used often on a very extensive 
scale. This has assumed great importance espe¬ 
cially after the introduction of planning process. 
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The underlying principle is simple and 
familiar. The real task is to give it practical shape. 
Firstly to attain results with precision and sec¬ 
ondly to do this at a cost which will be reason¬ 
able for the practical advantage secured. Sample 
surveys must be made to work on a large scale 
under actual field conditions, lliis requires not 
only Statistical theory but organisational skill in 
handling human material and the ability to cir¬ 
cumvent physical obstacles. Team work is 
particularly important. Proper designing is as 
important in Sample Surveys as in agricultural 
and other exp>criments. The fundamental aim is 
the same in both cases namely to collect the 
maximum infomaation with the least possible 
expenditure of time and money. But the ap¬ 
proach and the type of the design is naturally 
different in two cases. In large scale sample 
surveys the work of planning broadly falls into 
two stages namely the exploratory and the final. 
The aim of the exploratory stage is to collect basic 
information required for preparing the firuil 
plan. In large scale survey tho question of expen¬ 
diture is of decisive importance. This is why a 
study of cost function assumes a special impor¬ 
tance of its own. The theory of stratified sam¬ 
pling is appropriate only when the cost of col¬ 
lecting the information for any number of sample 
units is independent of the manner in which 
these sample units are distributed over the field. 
This however rarely occurs in practice in large 
scale surveys. It was found that the cost was 
profoundly affected by the geographical distri¬ 
bution of sample units. This means that prin¬ 
ciples other than stratification are necessary for 
securing an efficient sampling technique. It is 
usually possible to split up the cost function into 
a number of independent components each of 
which can be studied separately. Fields which in 
natare often lie between two extremes that is, 
they are neither of a purely random norof acom- 
pletely patterned type. In such cases the variance 
function will be determined by the type of field. 
This is why a study of random and non-random 
fields and associated variance functions is of 
great importance in connection with the design 
of sample surveys. Many considerations both 
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Statistical and organisational have to be kept in 
mi nd in preparing the actual design of the survey 
either in case of its exploratory stages or in its 
final form. 

Sir John Hubback was the first person to 
consider random sampling for estimating crop 
areas but he did not use it in practice. His own 
work was concentrated on Statistical Sampling 
for the yield of rice in Bchar and Orissa in the 
early 1920's. His original report was leprintcd in 
Sankhya, Vol. 7, pt 3. On the initiative of Mr. 
Townend, Development Commissioner Bengal, 
a sample survey on an area basis was conducted 
over the whole province of Bengal in 1935, the 
improvement of the jute fore-cast. This was the 
first area—sample in the whole world. Professor 
P. C. Mahalanobis was involved in this work. A 
little later the Indian Central Jute Committee 
approved a five year Scheme for a sampling 
method for the jut? crop in Bengal. This work 
was entrusted to the Indian Statistical Institute. 
Work was entrusted to the Indian Statistical In¬ 
stitute. Work was started, under the leadership 
of Prof. Mahalanobis, on a very small scale in 
1937 and an efficient sampling plan was devel¬ 
oped by the Institute by a scries of annual sur¬ 
veys, on a gradually expanding scale, until the 
whole province was covered in 1941. A complete 
account of ’ Large Scale Sample Surveys' as devel¬ 
oped by Professor P. C. Mahalanobis has been 
published by Mahalanobis trust in 1987. 

(c) Data Base for Planning 

With the attainment of freedom the full 
impact of the large gaps in the Statistical infprma- 
tion available in our country was felt and an 
urgent need arose to tone up its quality and 
quantity. At the instance of the Prime Minister 
Jawaharlal Nehru, Prof. P. C. Mahalanobis pre¬ 
pared an abstract scheme of organising a Na¬ 
tional Sample Survey (NSS) which was ap¬ 
proved in principle by the Government of India 
in January 1950. At the beginning the planning 
tmd execution of NSS was mainly entrusted to 
the Indian Statistical Institute but for the last two 
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decades it is functioning under the ministry of 
Planning. 

The NSS is intended to supply a continu¬ 
ing stream of information about social and eco¬ 
nomic conditions over the whole of Indian Union 
to the Government and to the Planning Commis¬ 
sion. In the first round of the field survey (which 
began in 1950) about 240 investigators visited 
about 1800 sample villages (selected in a suitable 
random manner from all over the country, uplil 
now about 40 rounds of survey have been com¬ 
pleted. Attempts are being made from the very 
beginning to cover the whole of the house hold 
economy and cottage industries. Information is 
being collected about the production of crops 
and live stock, hand industries, consumption of 
food and clothes and other items of consumer 
goods, improvement of lands, construction and 
maintenance of buildings, increase of imple¬ 
ments and means of production, trade and trans¬ 
port, professional services, prices and wages etc. 
In addition demographic and other social Statis¬ 
tics arc also being collected. The above list indi¬ 
cates the wide rage of data base which is avail¬ 
able in India. For national planning this basic 
information is essential. A field staff of about 500 
trained whole time workers are posted in sample 
villages and towns covering the whole country. 
Statistical divisions arc working for the planning 
of the survey and for the processing of material 
NSS is now able to supply an integrated picture 
of large sectors of the national economy and of 
practically the whole of the consumer expendi¬ 
ture in India. 


(d) Data Base for Economic Development 

I shall refer to another area Where Statis¬ 
tics playes an important role. The fundamental 
aim of national planning is to increase the gen¬ 
eral level of living of the people. This is possible 
when the total production or more precisely the 
production per head is increased. In fact the total 
increase in the level of living is more or less equal 
to the increase in the total production. 
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Nalional income Stalistics in ilsbrOiidest 
sense is an allcmpt al preparing the accounts 
relating to national economy as a whole. Na¬ 
tional income consists of the aggregate value of 
all giwds produced and all services rendered and 
thus it\cludes the values of all agricultural pro¬ 
duce (including forest products and fish), all 
articles manufactured by industrial establish¬ 
ments or in cottage industries, all transport and 
communications, the value generated by trade 
and commerce and also the value of professional 
and other services rendered to society as a whole 
together with the net balance of the flow of 
commodities and nioney across the boundary of 
the country. It is m'cessary, of course, to avoid 
the double counting. The total national product 
is used broadly in three different ways. The 
greater part is consumed other part has to be 
used for repairs, replacement etc. the balance 
after meeting current consumption and depre¬ 
ciation is what is called savings and is available 
for investment. It is only by making fresh invest¬ 
ment that the productive capacity can be in¬ 
creased from year to year. 

The National Income Committee which 
was appointed by the Government of India in 
1949 estimated that the total national income of 
the Union of India in 1948-49 was about 8700 
crores or 87 abja. 1 his tentative tigurc indicates 
that the average income was about Rs. 250 per 
person per year in 1948 49. This Committee was 
headed by Professor P. C. Mahalanobis. Esti¬ 
mates for successive years can indicate ina broad 
and general way whether the economic condi¬ 
tion of the nation as a whole is becoming more 
prosperous. In order to formulate national pol¬ 
icy, more detailed information is needed and the 
Statisticians should supply information in 
greater detail by breaking up the aggregate na¬ 
tional income into various sectors. 

Statistical methods in commerce and 
industry can lead to large economics and im¬ 
proved production at a low cost. In this connec¬ 
tion Statistical (Quality Control and Reliability 


and methods of Operations Research may be 
mentioned. 

It is the task of the Statisticians to do 
what they can to improve the quality and quan¬ 
tity of information required for national plan¬ 
ning and development. Some of the data may be 
required for current use and somt^may have to be 
collected for future utilisation. The point to be 
stressed however is that Statistics must have 
some purpose practical or theoretical and for 
immedialeand future use. Once the purpose for 
which Statistics is required has been made clear 
it becomes possible to construct suitable con¬ 
cepts, definitions and standards. Also as infor¬ 
mation begins to be collected and utilised it be¬ 
comes possible to make necessary improvement 
in the method of collection and processing the 
data and in the utilisation of the information 
more and more effectively. Statistical informa¬ 
tion should be of decisive signilicance in making 
important policy decisions. 

Part II: Tour Decades of Planning in India 
(19.50-1990) — An Appraisal 

PI mning in India began with the estab¬ 
lishment of the Planning Commission by a reso¬ 
lution of the Government of India dated 15 
March, 1950. Since then Planning Commission 
has prepared Seven Five Year Plans and tw'o 
draft plans. The basic objectives have been ar¬ 
ticulated differently in different plant but in es¬ 
sence they boil down to four things : first rapid 
economic development, second modernisation 
and structural transformation of the economy, 
third the attainment of self-reliance and fourth 
the removal of poverty and incKiuality. Let us 
examine to what extent we have achieved our 
targets. With regard to the first objective it may 
be staged that in the First Five Plan envisaged a 
doubling of per capita income by 1977. In actual 
fact income in 1977-78 was about 25 per cent 
higher than 1950-51 level, therefore the short fall 
is substantial. This is due Jc' wrong assumption 
about the rate of population growth, the First 
Plan assumed a populatidn gro wth rate of 1.25 
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per cent, per annum according to this rate 1977- 
78 population would have been 502 million 
where as in fact it was around 629 million. On an 
overall basis the average annual growth rale 
over the plan periods has been around 3.8 per 
cent which is well below what we have aimed at 
and what we need to achieve. With regard to 
structural transformation and modernisatioit, 
we have made some progress, the share of pri¬ 
mary sector in national production fell from 596 
per cent to 44.6 per cent and the share of secon¬ 
dary sector rose from 14.5 per cent to 22.2 per 
cent. The second major area of modernisation is 
m agriculture. In this area our achievements are 
formidable. After attaining the highest yield of 
food grains! 150 mt) in 1984-85, it has comedown 
to some extent. It is necessary to regain the lost 
momentum of agricultural growth so that in 
1989-90 we can achieve 175 mt ot food grains. In 
recent years there is visible sign of growth of self- 
reliance. During the drought of 1965-66 we 
needed a substantial measure of aid and food 
assistance from international community to 
manage the sitUiitioi'. In 1972-73 we had toresoit 
to imports but did ni>t have to seek food airi. In 
the litest drought we managed even without 
resorting to loud gr.un imports beCiiuse of the 
level of stoi.k-. that had been built up. We have 
failed to aJiiLwe self-reliance in the areas of im¬ 
port substitution and balance of trade. '1 he first 
and the fourth objectives is economic develop¬ 
ment and the removal of poverty and inequali¬ 
ties. We find our plans have specifically laid 
emphasis on accelerating the pace of economic 
grow'th. 1 lovvever the plans failed to realise that 
a rapid increase in population eats away the 
fruits ot growth and per capita income fails to 
increase as much. The plan did not have a strong 
and purposeful population policy. Provisions 
for population control have been inadequate 
and implementation programmes are still 
weaker. As a result India has faced a situation of 
population explosion and per capita income 
recorded only a limited increment. India suffers 
from a vicious circle of poverty. Its income level 
is low and large percentage of people live at or 
below subsistance level e.g. it isestimaled that48 
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per cent of rural population and 41 per cent of 
urban population is below poverty line. Indian 
per capita income is one of the lowest in the 
world. Given a capital: output ratio of 3.1 and a 
need to save 5 per cent for maintaining our 
capital resources intact we need to save 15 to 16 
per cent of our national income in order to 
achieve some increase in per capita income per 
annum. Our current savings are far below this 
rale. One of the major objectives of the plans has 
been that of reducing unemployment w'hich is a 
chronic problem faced by our country. We have 
not only massive open unempkiyment but also 
disguised and seasonal varieties. During the40 
years of planning we have failed to achieve the 
projected targets of the plan objective namely 
technology and economic S(.'lf- reliance removal 
of poxerty, generation of gainful employment 
and strengthening of the agricultural and indus¬ 
trial base (see appendix). 1 am citing a few in¬ 
stances. The fourth plan aimed at increasing the 
nation.il income at 5 5 per cent per annum, 5 per 
cent gi ow Ih ra te in agricu I tura 1 production and 8 
to 10 per cent in industrial production. It aimed 
at limiting gniu'th of imports to 5.5 per cent per 
annum, and raising the export growth to 7 per 
cent. None of them could be realised. The sixth 
plan aimed at enrolment 95 per cent ot the 
children m the age group o-ll in the first stage 
and 50 per cent in the age groupl 1 -14 by the end 
of the plan and the universal enrolment m the age 
group 6-14 by 1990. The removal of jHiverty was 
the foremost objective of the Sixth Plan. We 
could not fulfil oiir commitments. 

There may be reasons for this failure but 
the principal one according to me is that from the 
Third Plan onwards no statistical assessment has 
been done rigidly as a resul t of which no ettecti ve 
steps were taken to rectify the delects inlierenl in 
the formulation of the plan. 

As the production of a given quantity of 
one commodity will require appropriatequanti- 
ticsof other materials, the production targets will 
be all inter-locked through inter-industry rela¬ 
tions. It is necessary therefore that production 
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targets should be internally consistent in the 
sense that requirements at each stage will be 
balanced by supply. If there is any lack of balance 
then there will be shortages and bottlenecks 
which will create delays and hamper the process 
of production or even can bring it to a stand still. 
Similar balances will have to worked out for 
requirements of man power. The investments 
required to achieve the targets of production will 
have to be worked out and balanced with finan¬ 
cial resources. To formulate such a plan of pro¬ 
duction will obviously require a large amount of 
detailed information of many kinds such as inter¬ 
industry relations, capital required for each unit 
of production, increment of income and of em¬ 
ployment per unit of additional investment, 
pattern of consumption of different goods and 
services and how this pattern changes with in¬ 
crease of income, requirements of transport and 
many other things. These basic Statistical infor¬ 
mations arc not always available. In spite of this 
we try to fix targets in the productivity sector. 

The responsibility of the Statisticians 
docs not end with the preparation of plan. Suit¬ 
able methods must be devised to assess the prog¬ 
ress of the plan in physical terms to ascertain to 
what extent production targets arc being real¬ 
ised, unemployment is decreasing, levels of in¬ 
come and consumption arc rising and social and 
cultural benefits are accruing. The need of a wide 
variety of detailed infomiation for purposes of 
planning is keenly felt. Our greatest difficulty 
has been the acute shortage of Statistical staff at 
different technical levels. Though the trained 
Statistical personnel is available in the country 
still the Government docs not make use of them 
properly. To assess the progress of the plan 
annually determined efforts are necessary but 
uptil now they are not vcsible. 

Even though we have a vast infrastruc¬ 
ture for collecting Statistical information still 
Data System for plan formulation is inadequate. 
If should all quantitative information with re¬ 
gards to 

(a) natural resources such as land, water, for¬ 
ests, minerals etc. 
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(b) human resources in all their samifica- 
tions, and 

(c) a whole lot of techno-economic informa¬ 
tion paramctcriscd in the shape of techni¬ 
cal coefficients and the like. 

The interaction between the Sciefitist and Statis¬ 
ticians in the field of natural resources data has so 
far been minimal. We are far from having 
adequate inventories of our natural resources 
and it is high time for Statisticians to come up 
with Statistical technic]ues which can cut short 
the time and effort required for building com¬ 
plete resouce inventories. Statisticians should 
pay urgent attention to the application of sam¬ 
pling technitpes in the field of soil, land capabil¬ 
ity, forest wealth, underground water and min¬ 
eral surveys. We have fairly reliable Statistics on 
population dynamicsbut concepts and coverage 
have seriously jeopardized the comparableness 
of data over time. In consequence a fair propor¬ 
tion of these data has become unusable for plan¬ 
ning and projection purposes. Standardisation 
of concepts and definitions is of paramount 
importance. Data System for current economic 
intelligence is available but it suffers from fol¬ 
lowing defects: 

(i) lack of timeliness 

(ii) lack of consistency 

(iii) non-availability of the possible esti¬ 
mates of error. 

Quality of base line data should be improved for 
which following suggestions are given 

(a) Computation of Statistics must not 
be left to clerical staff of indifferent 
quality 

(b) Producess and users of data must 
have close communications between 
themselves. 

(c) Research workers in Universities and 
Institutes must take keen interest in 
finding out how the basic data are 
collected and oompiled. 

The next part of information system relates to 
monitoring of plan and project implementation. 
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Activity of monitoring should be decentralised 
and it is necessary to have an overall design for 
the system on a technically sound and uniform 
basis. Monitoring of the information system is 
still a new activity where the services of the 
Statisticians are called for. Regarding the exist¬ 
ing data base for planning purposes in India, 1 
conclude my review by quoting a statcmeiit 
made by Sri Sam Pitroda, advisor to Prime Min¬ 
ister on technology missions — 

"After taking charge of technology mis¬ 
sions, I have started reviewing the Statistical 
data and other basic information required for 
selling a practical target. I have asked for in¬ 
formation about villages where there is not a 
singlesourccof drinking water.ITicy gave me 
a figure regarding places where there are no 
potable water sources, but when I asked for 
the names of these villages they simply drew 
a blank. I'he people in governmental admini¬ 
stration love Statistical jargon first to show 
tlut they are smarter than you without prob¬ 
ing into correctness of data. Incidentally the 
other day we met West Bengal finance minis¬ 
ter and a few secretaries of the department at 
Writers' Buildings. At the meeting some one 
asked one of my officers a probing question 
on the immunisation programme. We really 
did not have the answer. But my officer tries 
to out smart the questioner by statistical jug¬ 
glery. This is wrong. One must have the gets 
to admit that he docs not know." Tliis is how 
we are planning. 

In the sphere of development planning 
and overall economic formulation the role of 
Statisticians and Statistical offices need to be 
reoriented in the light of the experience of the 
past and the requirements of the future. The 
importance of Statistics in formulating develop¬ 
ment plans had been recognised from the tinie 
India achieved independence when in January 
1949, Professor P. C. Mahalanobis was appointed 
as Honorary Statistical Adviser to the cabinet 
and a few years later concurrently worked as a 
member of the Planning Commission. In 1954 
the Planning and State Statistics Division of CSO 


started functioning as Statistics and survey divi¬ 
sion of the Planning Commission to provide the 
desired Statistical support in the actual planning 
process. Tlie dominant role of Statistician docs 
not exist after Nehru and Mahalanobis. Al¬ 
though Statistics has come to be recognised as a 
necessary adjunct at various stages of planning, 
the role of Statistician generally ends up with 
providing the necessary data for planning and he 
has little say in the decision making. Though 
Statisticians arc competent and able persons to 
lake part actively at decision making process, 
they are practically debarred. The responsibility 
for decision making in regard to Statistical 
Operations lies within the purview of the activi¬ 
ties of the Statistical offices subject to overall 
administrative approval by the administering 
ministry. These decisions pertain to method and 
procedures for collection, processing, analysis 
and dissemination of data improvements in 
quality, timely availability, concepts dofinations 
and classifications to be used, the degree of error 
to be allowed and identification of gaps etc. Even 
on technical matters Statisticians are not allowed 
to decide, they have to obtain final sanction from 
the administrators who are completely ignorant 
about the subject. 

The problem of planning in India is that 
it should have a time horizon say 15 to 20 years. 
The basic principle is that the right quantity of 
goods must be made available at the right mo¬ 
ment, either for consumption or for investment 
and the right number of technical personnel 
must also be made available to produce and 
utilise the same at the right moment. For this 
work the role of Statistics is indispensable. Plan¬ 
ning should touch the life of each and every 
citizen and the commonest among the common 
men should understand the goal and meaning of 
planning. There must be a participation by the 
masses in the process of development and the 
stale should have a minimum role to play in such 
a process. This is not happening in India there¬ 
fore it is felt that there isan urgent need for policy 
changes in the working of the Planning Commis¬ 
sion. Q 
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APPENDIX 


TABLE 1: Indicators of change with time 


Indicator 

Unit 

1950-51 

1977-78 

1984-85 

2000 (Expected) 

1. Population 

Million 

358 

623 

761 

986 

2. Birth Rate 

Per thousand 

39.9 

34.5 

32.6 

• 23.1 

3. Life Expectancy 

Years 

32.0 

532(1974) 

56.5 

64.0 

4. Literacy Rate 

% population 

16.7 

29.5 

37.0 

100.0 





(Male 47% 

(1990) 





Female 25%) 


5. GDP at Factor 

Rs. Million 

95,030 

800,000 

19>I,280 

40,21,430 

Cost 


(GNP) 

(GNP) 



6. Food Crain Production 

Million 






tonnes 

50.8 

132 

150 

235 

7. Industrial Production 

1970-100 

27.0 

148 

1823 

- 

8. Electricity 

MiUion KWH 

5107 

98500 

167000 

575000 

9. Towns & Villages Electrified 

Numbers 

23,980 

2,07,346 

3,68,840 

4,86,941 






(1990) 

10. S & T Persons 

Per thousand 

188 

2328 

2853 

4000 

11. Universities 

Numbers 

27 

105 

145 

- 

12. S & T Expenditure 

Rs. Million 

47 

5587 

18906 

- 

(at current prices) 


(1978-79) 



13. Communications: 






(a) Telephones 

!n lakhs 

1.68 

22.47 

34.62 

- 

(b) Telex Exchanges 

Numbers 

- 

101 

176 

- 

(c) Telex Subscriber 

Numbers 

- 

14641 

22552 

- 

14. Exports 

Rupees Crores 

600.64 

4036.26 

11465.95 

- 

15. Per capita income 

(at 70-71 prices) 

558.8 

663.5 

748.6 

~ 

16. Scientific Journals 

Numbers 

- 

708 

2000 

- 

17. Patients 

Numbers 

- 

3065 

3008 

- 


Sources: (1) The Seventh Five Year Plan 1985-90, Govt, of India; (2) Science and Technology in India by A. Rahman, CSIR, 
1985; (3) Research and Development Statistics 1984-85, DST; (4) India 1985 Reference Annuai Govt, of India. 


TABLE 2 : Growth rates of foodgrains production' and TABLE 3: States classified according to growth rates in 
population" region to national average 


States 

Food Production 

Population 





(1960-61 to 1978-79) 

(1961-79) 


rOOu 

Greater than 

Less thm 

1. AndhraPradesh 

1.69 

1.68 


National 

National 

2. Assam 

2.36 

3.00 


Average 

Average 

3. Bihar 

1.92 

1.69 




4. Gujarat 

3.56 

2.34 

Greater than 

Haryana, 

West Bengal, 

5. Haryana 

5.33 

234 

National 

Gujarat, 

Assam, 

6. Karnataka 

3.40 

1.91 

Average 

Rajasthan 

Madhya 

7. Kerala 

1.39 

2.19 



PradeA, 

8. Madhya Pradesh 

1.67 

2.36 



Orissa 

9. Maharashtra 

1.77 

2.19 



Maharashtra 

lO.Orissa 

1.19 

2.19 



Kerala 

11.Pun jab 

8.01 

1.60 




12.Rajasthan 

2.97 

2.37 

Pc^vdation- 



13.Tainil Nadu 

1.83 

1.52 




14.Uttar Pradesh 

2.79 

1.68 

Leaathan 

Punjab, 

Bihar, 

15.West Bengal 

2.72 

2.34 

National 

Kaanataka 

Tamil Nadu, 

All India 

2.77 

2.01 

Average 

Uttar Pradeah 

Andhra 


■¥ Source: Alagh< Y.K. and P.S.Shanna, 1980. Pradesh 

'f-t Registrar General of India 
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Observations of Prof. Bhabatosh Dutta, Chairman 
at the conclusion of Prof. P. K. Bose's Lecture 


T am sure you will all agree with me that wo 
have just heard a very learned and stimulat¬ 
ing lecture from Professor P. K. Bose. I remember 
that Professor Mahalanobis tried to give a de¬ 
tailed answer to the question "Why Statistics"? in 
1950 when the stage was being prepared for the 
initiation of development planning in India. He 
wrote again and again on the same question and, 
as you all know, was the author of the famous 
Mahalanobis Model which has been the basic 
frame work of our plans since 1956. It is only 
proper that one of the most distinguished dis¬ 
ciples of Professor Mahalanobis should report to 
the same question now and examine all the 
developments in the light of four decades of 
experience. 

The first part of Professor Bose’s lecture 
shows clearly how statistics can help and has 
helped Indian Planning—not only through the 
collection and processing of data but also 
through the introduction of specialised tech¬ 
niques. These involve the designs of epeperi- 
ments for higher productivity —especially in ag¬ 
riculture, sample surveys and improvement of 
the data base. These all are matters of technical 
expertise and I cannot go beyond what Professor 
Bose has said. 

When, however, he comes to the second 
part of his lecture—seeking to appraise four 
decades of planning in India, the economist has 
something to say. There are these days large 
numbersof econometricians who combine statis¬ 


tical and economic analyse®, but even those who 
are not experts in this specialised field realise 
that there have been deficiencies in our efforts. 
Broadly, we had expected that our gross domes¬ 
tic product (GDP) would grow at the rate of 5 per 
cent per year or more, but the actual growth rate 
upto the sixth plan was in average only 3.6 per 
cent. The current seventh plan appeared to be 
likely to achieve its growth target, but the 
drought of 1987 severally affected the tim^npath 
of our outputs. 

Many questions arise. The first of these 
relates to the definitions used. We can define the 
gross domestic product (GDP), the net domestic 
product (NDP), the gross national product 
(GNP) and the net national product (NNP). Each 
of these we can measure at "factor prices" or at 
"market prices" (i.e. factor prices ± indirect taxes 
or subsidies). Each of these can again be meas¬ 
ured at current prices or at constant prices. (The 
base year has now been changed from 1970-71 to 
1980-81). There are two difficulties involved in 
this. Unless we are careful to stick to one particu¬ 
lar definition throughout a particular analysis, 
we may produce conflicting conclusions. There 
is also the problem of "netting" and there has to be 
a standard procedure for all this. 

The second difficulty of a research 
worker is that there is not only a long delay in the 
publication of the data, but often the figures once 
published are subsequently revised substan¬ 
tially. The food grain output for 1986-87 was, for 
example, given as 15057 million tonnes and then 
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was revised one year later to 144.07 million ton¬ 
nes. As food grains constitute a large part of our 
total output, this revision required a downward 
adjustment of our GDP figures also. 

Apart from material production, there 
are the "services" which constitute a large part (35 
to 40 per cent) of the GDP. Some of the services 
can be quantified—e.g. banking, insurance, 
transport etc. But there are many others. How 
do we evaluate the contribution to theGDPof the 
largq number of government employees, of the 
militaiy forces, of persons performing personal 
services (like washerman or street sweepers)— 
or, if you do not mind, of university teachers? We 
can take or estimate their incomes, but that often 
means begging the question. In socialist coun¬ 
tries, the only measures provided are those of the 
national material production. I don't think we 
should exclude the services, but our methods of 
estimation have to be improved. 

All this reduces the value of general 
statements about growth rates. The government 
can show an increased GDP simply by enlarging 
the army. Besides, the GDP estimates make no 
distinction between luxury goods and mass-con¬ 
sumption goods. A Rs. l(XX)crore increase in the 
output of cosmetics has the same effect on the 
GDP as a Rs. 1(X)0 crore increase in the food 
grains output. 

And then these is the question of income 
and wealth distribution. We had stated with the 
idea of attaining "growth with justice", but even 
after 37 years of planning and with our high 
quality statisticians, we do not yet know what is 
the decile-wise distribution of incomes and as¬ 
sets in 1987-88. Some conclusions are drawn 
from an unjustifiable blowing up of the results of 
some exercises undertaken about 12 years ago, 
but apart from their inadequacy, the position 
now may have changed substantially. All that 
we have is a "poverty-line", defined in terms of 
calorie requirements and a few other essentials. 


and placed now at Rs. 64(X) per household per 
year. The percentage of people below the line is 
reported to be 37 or there abouts. The house¬ 
holds below the poverty line were divided into 
four sub-strata, but we do not know anything 
about the movements from one stratum to an¬ 
other. All we get are the figures for households 
assisted under the poverty alleviation program¬ 
mes, but there is no detail about the number of 
eligible households in each group. 

Our trade and monetary data have 
improved considerably, but we cannot establish 
the necessary links between commodity flows 
and financial flows. The Mahalanobis model 
suffered from the defect of assuming that what¬ 
ever was physically feasible would also be finan¬ 
cially feasible. Our experience has shown that 
this is not true and we know particularly how 
inflation distorts all estimates and also creates an 
under current flow of black money. We have 
financial flow statistics in broad terms—i.e. 
among households, banks, corporate sector, 
government etc., but we require more detailed 
matrices—so that we may superimpose a finan¬ 
cial flow matrix on our input-output matrix or 
commodity balance matrix. 

The subject is complex and extcnsi\'e. 
We have achieved much in every field. We have 
also had big failures in reaching our major objec¬ 
tives. In seeking to reach all the objectives to¬ 
gether, we require political will on the one hand 
and expert knowledge on the other. Statisticians 
have a big role to play in improving our informa¬ 
tion base and the linkages in the economy. Pro¬ 
fessor Bose has made an expert evaluation of the 
achievements and failures of the last four dec¬ 
ades and we can all hope that our next four 
decades will be managed much more efficiently 
that the last four. On behalf of you all, I thank 
Professor Bose for his very illuminating address, 
which he concludes by emphasising the urgent 
need for policy changes. □ 


■■Mil 
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SCIENCE AND TECHNOLOGY IN NINETEENTH CENTURY GERMANT 


S.N.SEN** 


I n the exhibition on Science and Technology in 
19th century Germany organised at the Birla 
Industrial and Technological Museum in col¬ 
laboration with Max Muller Bhavan, the choice 
of the century for the development of science and 
technology as well as the country which contrib¬ 
uted to that development has indeed been very 
appropriate. For, although modem science had 
its origin during the sixteenth and seventeenth 
century its maturity took place in the neneteenth 
and it was again in the nineteenth century that 
the foundation for the great scientific revohition 
of the twentieth century was laid. In this effort 
Germany played a’predominant part particu¬ 
larly in the latter half of the nineteenth century. 

Compared to older centres of science 
and technology in England and France, Ger¬ 
many was a late comer due tb a variety of rea¬ 
sons. The historians would have us believe that 
this was due largely to the effects of Reformation 
which diverted the attention of her intellectuals 
to religious questions. For thirty years, from 1618 
to 1648, the country was engulfed in the holo¬ 
caust of civil and religious strife and potically 
dismembered into a confederation of petty des¬ 
potism. No wonder that in such a situation the 
country sank into the bottom of intellectual and 
scientific activities. Yet from the fifteenth cen¬ 
tury, German technicians and craftsmen had 
enjoyed a measure of reputation as good as any¬ 
where in Europe. Even during the period of her 
intellectual decline, she product Johannes 
Kepler (1571-1630), one of the leading architects 
' of revolution in astronomy, Otto Von Guerecke 
(1602-1686), Burgomaster of Magde burg, who 
was associated with the jpneumatic revolution 
and Gottfried Wilhelm Leibnitz (1646-1716) who 
invented calculus independent of Newton and 
founded the Berlin Academy. 
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By the beginning of the nineteenth cen¬ 
tury England and France had marched ahead in 
scientific and technological pursuits not so much 
by the intrinsic qualities of their scientists as by 
the forces of their mercantile, political and colo¬ 
nial advantages. In the eighteenth century, 
English lead following the Newtonian revolu¬ 
tion in mechanics and astronomy had passed on 
to the French. More importantly France made a 
great leap forward through the chemical revolu¬ 
tion of Lavoisier and England ushered in the 
industrial revolution by harnessing the power of 
steem. When we look at the Napoleonic reforms 
and reorganization of science, the emergence of 
institutions like Ecole Polytechnique, fecole Nor¬ 
mal Superieur, Conservatoir des Arts et Metier 
and several others and the galaxy of French sci¬ 
entists like Lagrange, Laplace, Fresnel, Aroge, 
Biot, Carnot and Fourier we have no difficulty in 
realizing why France at the beginning of the 
nineteenth century was universally acclaimed to 
be in the vanguard of science and technology. 

By 1848 the scales were turned in favour 
of Germany. Hie international trade fairs and 
exhibitions organized in Paris, London and Chi¬ 
cago in the years 1851,1855,1862,1867 and 1876 
clearly demonstrated the progressive rise of 
Germany as an industrial power. The products 
of her industries, in quality and quantity, posed 
an unquestionable challenge to ^ose of France 
and England. After the World Fair in Chicago, 
one of the English Commissioners observed that 
Germany had doubled her exports and lifted 
herself to a point of vantage equal to that at which 
England started in 1846. In many manufacturing 
fields she had surpassed England. 

*Based on the inaugural address delivered at the Birla Indus¬ 
trial and Technological Museum on April 6,1988. 

*• Asiatic Society, O^tta. ~ 
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The diange was brou^t about by a 
member of factors, both political and non>poiiti- 
cal. The most in^rtant political factor was the 
unification of Gennany, whidt ended the medie¬ 
val dismemberment of the country into 26 weak 
states. This unification released new energies 
and paved the way fw reform and reorganiza¬ 
tion in the fidd of education and higher learning. 
The second factor was a deep realization of her 
comparative backwardness in science a^ tech¬ 
nology and an intense nationalistic desire to 
reverse the situation. After the defdit in 1806 of 
the Prussian army at toe hands (rf toe Bench, 
German patriots like Fichte and Stein made no 
secret of the fact that German military reverses 
were due to superior Bench scieiKe and indus¬ 
try and to institutions and organizations 
founded by Napoleon. From the beginning, 
therefore, German unification aimed at strength¬ 
ening the base of science and technology. Here 
certain imitation of French models was inevi¬ 
table but Germany preferred not to do it blindly. 
Instead of following Napoleonic plant of cen¬ 
tralization of science in and arround the capital 
city, Germany chose to make the most of her 
existing institutions, namely the universities, 
which were pressed into service in the difficult 
task of reorgatuzing science and technology. 

In this formative period Germany had to 
face aiK)ther difficulty, namely the opposition of 
Nature Philosophers (Naturphilosophie) and 
the followers of Hegel and Sitoelling, who re¬ 
garded scientists as narrow specialists. The Na¬ 
ture Philosophers and Hegel and Schelling had 
considerable following in academic and intellec¬ 
tual circles. Fortunately, unlike the older univer¬ 
sities of Oxford, Cantoridge and Paris, domi¬ 
nated by obscurantist ecclesiastical groups, Ger¬ 
man universities had from the beginning a liberal 
tradition which quickly responded to the need 
for organizing science for national regeneration. 
One of the first universities to respond to the new 
urge was Gdttingen, established in 1736, which 
so<m produced a fine crop of young mathemati¬ 
cians like Friedrich Gauss, Wilhelm Weber and 
Franz Neumann and established an advanced 
sdiool of mathematical physics for others to fol- 
MO 


low. InBeiliiwayoui^ group led by Poggendorf, 
Riesi^ Dove ard H. G. Magnus formed an eixq>iri- 
cal or experimental school of {toysidsts to 
counter the metaphysical speculations of Nature 
Philosophers. The activities of this group led to 
the concept of modem scientific laboratories in 
university institutions. Poggendorf started the 
famous periodical publication Anna/en. Magnus 
pupils included Krbnig, Claussius and 
Helmholtz. 

In chemistry, teaching laboratories were 
initiated by Strohmeyer in Gdttingen and by 
Gmelin at Heidelberg early in the century. But 
the most important step for organized chemical 
researches was taken in 1825 by Justus von 
Liebig, Professor of Qiemistry at Git ssen. Liebig 
was an excellent teacher and taught his pupils 
through laboratory practices He improved 
methods of organic analysis and one of his early 
interests was the quantitative estimation of urea 
found in the blood of mummals. Liebig's work 
on urea stimulated the researches of Friedrich 
Wohler (1800-82) who succeeded in 1828 in syn¬ 
thesizing urea from ammonium cyanate, an 
epoch-making discovery, proving that organic 
substance require no vital force but obey the 
same laws of chemistry as do inorganic sub¬ 
stances Liebig's laboratory at Giessen soon in¬ 
spired the establishment of similar chemical 
laboratories in German Universities,—at Mar¬ 
burg in 1840, at Leipzig in 1843, in Berlin and 
Bonn in 1860 and so on. 

Apart from the establishment of scien¬ 
tific laboratories in universities, the new scien¬ 
tific movement in Germany introduced other 
innovations. Early in the movement, Franz 
Oken, a friend of Goethe foimded the Deutscher 
Naturforscher Versanunlung (DNV) (German 
Science Association) for the propagation of the 
messa^ of toe new experimental science. The 
DNV, in tinw, stimulated the formation of the 
Baritish Association for the Advancement of 
Science in En^and. The idea of publishing spe¬ 
cialized journals was bom wito Poggendorfs 
Anmien, Soon it was followed by toe appearance 
of ^tschriftB in Physics, Chemistry aiul other 
brandies (tf sdence and oicydopaedic seiii^ 
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caUed Handhuther on recent developments in 
particular areas of science and technology. Si¬ 
multaneously the universities introduced the 
concept of research scholar and rewarding his 
work by the award of the degree of Doctorate of 
Philosophy on the basis of a dissertation. The 
Ph.D. degree soon became highly popular 
throughout Germany and gradually in other 
countries. 

There was yet another innovation of 
profound significance to industrial develop¬ 
ment, namely, the establishment of a close liai¬ 
son between the university and industry. By this 
concept the universities and technische hock- 
schulen undertook to train research workers in 
large numbers in newly emerging technologies 
so that qualified workers could be readily avail¬ 
able in requisite strength when a new technology 
needed to be transformed into an industry. This 
happened at first in the chemical industries and 
later on in the electrical and other research 
intensive industries. This was the key to German 
success in capturing initiative in manufacturing 
enterprises such as the dye industries, steel, elec¬ 
trical and many other industries of the nine¬ 
teenth century. 

These various reforms and movements 
introduced during the first half of the 19th cen¬ 
tury bore fruit during the second half. To give a 
few examples from Physics, the new and emerg¬ 
ing areas of research in this subject in the century 
were astrophysics, thermodynamics, electro¬ 
magnetic waves and atomic physics, in each of 
which German physicists left their indelible 
mark. Astrophysics was bom when Joseph 
Fraunhofer (1787-1826), in the second decade of 
the 19th century, discovered the dark lines, now 
known as Fraunhofer lines in the solar spectra. 
This early beginning was developed into a 
powerful branch of physics and chemistry, that is 
spectroscopy, in the hands of Gustav Kirchhoff 
and Wilhelm Bunsen during the fifties and six¬ 
ties of the 19th century. Both of them working 
jointly discovered two new elements,—Cea^um 
and Rubidium. Kirchhoff often used to say that 
he was searching for gold in the sun. His banker 
once ridiculed hi^by saying what the use of his 
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search was if he could not bring it down to the 
earth. When he received a gold medal from 
England for hisdiscoveries, he told this story and 
observed, "Look here, 1 have succeeded at last in 
fetching some gold from the sim". 

Thermodynamics stemmed from the 
18th (^ntury discovery of steam engine and be¬ 
came a lively subject of research all over Western 
Europe. Two of its fundamental concepts were 
the conservation of energy and entropy. Robert 
Meyer and Hermann Helmholtz were among the 
early pioneers who hit upon the idean of conser¬ 
vation of energy, embodied in the first law of 
thermodynamics. The concept of entropy was 
due to Rudolf Clausius. 

Between 1819 and 1835, the foundation 
of electromagnetic researches were laid by Hans 
Christian Oersted (1771-1851), Andre Marie 
Ampere and Michael Faraday. Out of the vari¬ 
ous threads of their work James Clark Maxwell, 
in the seventies of the century, developed his 
famous electronnagnetic theory of light. The 
practical generation of electromagnetic waves 
and demonstration of their optical properties 
were left to young Heinrich Rudolf Hertz (1857- 
1894) who, in 1885, at the age of 28 performed his 
famous electromagnetic experiments. He pro¬ 
duced these waves from osdllatoiy discharge of 
a Leyden jar, observed magnetic and electric 
waves separately and proved that these could be 
diffracted and polariz(kl like light waves. In time 
Hertzian waves opened up the new branch of ra¬ 
diophysics with immense possibilities to be real¬ 
ized in the present century. In electromagnetic 
work Hertz was not the lone flame in Germany. 
He was proceeded by a number of other distin¬ 
guished contributors of whom special mention 
should be made of Carl Friedrich Gauss, Alexan¬ 
der von Humboldt, Wilhelm Weber and Emil 
Lenz. 

Atomic physics had its origin in the so- 
called discharge tube phenomena. Early pio¬ 
neers in this field were Heinrich Geisslar, a glass 
blower of Tubin^n and W. Hittorf. Geissler 
delighted in making vacuum tubes for produc¬ 
ing electrical discharges with beautiful colour 



effects. In 1868 Hittorf experimented with the 
dark space phenomena spreading from the cath¬ 
ode and the fluorescent glow from the glass 
walls. These experiments followed up by 
Crookes and others led to the discovery of elec¬ 
tron and x-rays. The discovery of x-rays by 
Rontgen in 1895 was a turning point in modern 
physics. 

This brief survey shows that in physics, 
by the end of the 19th century, Germany had 
definitely caught up with France and England, 
but probably did not have an overwhelming 
lead. This was, however, otherwise in chemistry. 
Prof. D. S. L. Cardwell, of the University of Leeds 
has shown that in 1866 chemical laboratories in 
Germany produced six times as many research 
papers as in Britain. In 1899, two thirds of the 
world's origiiuil chemical researches came from 
Germany alone. Its effect on German chemical 
industries was unmistakable. By 1870 German 
chemical industry was at a higher level than that 
of England and France. H. Xo/be, in his Das 
chemische Laboratorium der Universilat Leipzig 
(1872) explained this by the superior, thorough 
and intensive chemical education organized in 
Germany. We all know that aniline dyes were 


Notes and news 


Embryo transfer helps inferior 
cow deliver exotic calves 

Agenedcally inferior cow gave birth toa 
cent per cent liigh-yielding variety—exotic 
"Hoistein-Firesiah'* female calf—through frozen 
embryo transfer on May 3 at the Raymond's 
Embryo Research Centre at Gopalnagar in 
Madhya Pradesh's Bilaspur district. This high- 
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discovered in England in 1858 by W. H. Perkin. 
Perkin had his training in organic chemistry 
from German organic chemist A. W. Hofmann, a 
pupil of Leibig. Perkins, father and son, started 
a dye manufacturing company which prospered 
till 1874 and then closed down. By then large 
synthetic dyestuff industries spearheaded by 
several hundreds of research chemists trained in 
universities and technical high schools, had 
appeared in Germany to command the interna¬ 
tional market. We can easily imagine the eco¬ 
nomic benefits accruing from the dyestuff indus¬ 
try when we remember that the production of 
cotton cloth increased from a mere 40 million 
yards in 1785 to 6J500 million yards in 1887. 
Similar results were achieved in almost all indus¬ 
tries typical of the nineteenth century,—in the 
steel industry, in the electrical industries and 
others. □ 
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yielding breed is found in Holland and Ger¬ 
many. 

The centre’s veterinarian, Dr. Shyam 
Zawar, said here yesterday that it was a break¬ 
through in the embryo transfer cattle breeding 
technique. He said pregnancies have been suc¬ 
cessfully established in eight other cows throu^ 
the same technique. 

The centre has also to its credit, as the 
pioneer in the technique, the successful delivery 
of cent per cent high-yielding exotic Holstein- 
Ffesian embryo tracer cow to a purely indige- 
notfs variety cow under village conditions. 

As many as 31 cows gave l»ith to 34 
qd ves, induding three twins, by way of enibiyo 
transfer at the centre last year. Axiother40 
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pregnant embryo redj^ent cows will g^ve birth 
toembryo transfer calves within six months, 
Dr.Zawarsaid. 

The embryo transfer breeding technique 
is an ideal solution to increase the population of 
high-yielding variety of cows. A^dnst the nor¬ 
mal delivery of one calf by natural breeding, a 
donor cow can donate 36 to 48 embryos which 
when transferred to local cows can result in 18-24 
superior calves in a year, he said 

The foster mother cow works as an incu¬ 
bator for the young one and does not impart any 
of the genetic characteristics of her own to the 
offspring. 

In embryo transfer, fertilisation of the 
ovum (egg) with the sperm is effected inside the 
cow's uterus to obtain more than one fertilised 
ovum, while in test tubg baby, the same is 
achieved outside the human body in a petridish 
and then implanted in the human uterus to over¬ 
come infertility prqblems. ^ 
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Manned Craft to Explore Deep Sea 

The USSR Academy of Sdenoes intends 
to inviteforeign scientists to participate in inves¬ 
tigating ocean depths with a new deep-water 
craft, "Mir-l" which has been develqred jointly 
by Soviet and Finnish experts. The deep-sea 
manned aaft has no parallel in the worid. 

Researchers had been charged with the 
task of developing a deep-water s^-wistained 
craft, capable of ensuring geological, jrfi^ysical, 
biological and chemical investigations in ocean. 
While the USSR Academy of Sciences shoul¬ 
dered all the scientific part horn design assign¬ 
ment to guidance of tests, the manufacture of the 
craft proper as well as of lowering and lifting 
systems %me made the Fiimish fbm'Itauina- 
Repola.” 

Last December, the research ship 
iUnfSmik Mfti^ l^yak took aboard the craft 
VOLHNas 


'Mii^l" and *^111^2" and headed for the Adantk 
whne tests were held. For die first time in the 
world practice design parametres were reached 
and in some cases surpassed during ftw flnt 
tests. The'Miivr dived to6,170metresdeepand 
the"Mir-2'‘to6,120metres. ^stemsofidtiiKmk 
communications with die ship, television and 
vride-format stereo photocamoias worked welL 
Two manipulators having seven d egree s of ma- 
noeuverability (an operator can ^ and turn 
them in the most surprising way) lifted under¬ 
water 80 kg loads. 

Power packs of the craft are designed for 
underwater travels with a speed of five knots. 
According to specifications, oxygen reserves are 
enough for a crew (rf three to stay underwater for 
three days. Professor Igor Mikhaltsev, head of 
the experiment, Anatoli Sagalevidh, D. Sc. (tech¬ 
nology), and Pddco Laakso, a representative 
the Finnish firm, woe on the crew during all the 
first six dives. 

'We have got a unique opportunity for 
ocean investigations," said Professor 
Mikhaltsev, "and are ready for cooperatfon with 
scientists of any country for peaceful puiposes." 
In February the "Mir-l" and "Mir -2" will head for 
their first working geological voyage. Q 

APN 


Aspartame causes mental iUness 

Aspartame is adipeptideofaspartioicid 
and die meChyl ester of phenylalanine. Firstayn- 
thesised in Japan, it now occupies a large part of 
theUK,U5,Caiia^andFraiiceinaiket8. Aspar¬ 
tame is a low catorie sweetener and tast^ 200 
times sweeter dian table sugar. In the Uo, die 
sweetener is mariceted by the name Nutrasweet 
Several million people in the US consume prod¬ 
ucts ccmtaining the sweetener. 

Researdiers for Medical Resear^ in 
Fkvida reported that a^Mitame in high ooies 
causes ntental illness. Although a^Mrtaineitsdl 
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is not toxic, it affects mechanisms controlling car¬ 
bohydrate and protein intake and helps to in¬ 
crease phenylalanine levels dangerously in indi¬ 
viduals. Despite the fact that other foods may 
also raise phenylalanine levels, aspartame has 
the difference that it cannot limit brain levels of 
phenylalanine whereas foods contain other 
amino acids and can limit its level in the brain. 

Aspartame breaks down into phenyla¬ 
lanine (50 per cent), aspartic acid (40 per cent) 
and methyl alcohol (10 per cent). It is now re¬ 
ported that it is methyl alcohol which damages 
retina. Phenylalanine, on the other hand affects 
the brain and the nervous system. 

People who drank two litresof soft drink 
con taining~aspartame a day failed memory and 
went into convulsions. The said thing happens if 
any one goes on using chewing gum containing 
aspartame—the artificial sweetener for a pro¬ 
longed time. But it has been found that both 
memory loss and confusion can be reversed if 
consumption of the sweetener is allowed to stop. 
These experiments also indicate that aspartame 
in heavy doses is not at all good for health. □ 

P. C. Bhattacharyya 


Madhya Pradesh is being launched as the 
centre of Atomic Research in 21st Century 


Indore, in Madhya Pradesh is humming 
with activity with the transfer of about 250 scien¬ 
tists frotn the Bhabha Atomic Research Centre 
(BARC), Bombay. On the 1800 acres of land 
given by the Government of Madhya Pradesh, 


absolutely free of cost, the sprawling Centre for 
Advanced Technology (CAT) is rapidly taking 
shap>e. This commercial centre of Madhya 
Pradesh will soon be known for high technology 
for the coming century. 

CAT was envisaged, in the first instant, 
to give the future accelerators of the country; to 
develop the know-how and then install the turn¬ 
key projects at various places in the country. 
With the shifting of Laser Division from BARC 
Bombay to Indore, new impetus to R & D will be 
obtained. Concepts like acceleration of charged 
particles with lasers are emerging and CAT will 
embark on such futuristic tasks with no time lag 
and could be as well be leading in them. 

In a recent seminar held at Indore some¬ 
times ago, on collaboration between CAT and the 
universities and industries in Madhya Pradesh, 
Dr. P.K. Iyengar, Director, BARC, Bombay said 
that CAT will develop programme on accelera¬ 
tors, lasers and fusion related technologies and 
grow into a thriving academic centre where sci¬ 
entists and technologists from various countries 
could experiment with new ideas. Dr. Iyengar 
aspired that India would be on the vanguard of 
research not only in the fundamental nuclear 
sciences but also in energy generation in the 21st 
century. 

Recently Dr. Iyengar signed an agree¬ 
ment with the (Government of Madhya Pradesh 
for setting up a tin smelting foundry in Bastar. 
Also a nuclear power plant will be set up in 
Madhya Pradesh and a site near Gwalior has 
been suggested. This region has neither water to 
go in for hydal project nor coal for thermal power 
station. Hence the region is ideal for nudear 
power plant. After the final decision it might 
take four-five years to install the power plant 
according to Dr. Iyengar. [] 

B. B. B. 
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Letters 
to the editor 


Effect of gibbrellic acid on the level of nitrate 
reductase activity during germination and 
early seedling development of mungbean 
iVigna radiata L. Wilczek) 

Much work has been reported on the 
effect of GAj on development of enzyme activi¬ 
ties during the geimination of cereal grains* * but 
its effect on nitrate reductase (NR) activity in 
germinating seeds of leguminous plants has not 
been investigated so intensively. The present 
study examines the effect of GAj on NR activity 
during germination and early seedling develop¬ 
ment of mungbean. 

Seeds of mungbean, cv. S-8 were steri¬ 
lized with 0.2% murcuric chloride and then 
washed thoroughly with distilled water. These 
\seeds were soaked in lO, 50 and 100 ppm. GAj 
Elution for 4 hrs and then planted on moist filter 
paper placed in large petriplates. Appropriate 
controls were run in distill^ water only. Seed¬ 
lings were raised at a temperature of 25 ± 2®C in 
the light intensity of 5 Klux for 120 hrs. 

In vivo activity of NR in the seedlings 
was assayed at 48,72,96 and 120 hrs after soak¬ 
ing according to the method described by Klep- 
per et al7 and Hageman and Huklesbj^ with 
some modification’. Nitrate content was also de¬ 
termined in the oven dried seedlings. Nitrate 
was extracted following the method described 
by Grover et aI7° Aliquot containing nitrate was 
then reduced to nitrite with hydrazin sulphate **. 
Nitrite was estimated by the method of Snell and 
Snell'l Seedling length was measured after 120 
hrs of soaking and dried overnight at about 80®C 
for dry weights. 

In vivo levds of NR activity was detected 
in control and GA, treated seeds (Fig. 1). Initially 
enzyme activity was much higher in control as 
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Hours after soaking 


Fig. 1: Effect of GA, on nitrate reductase activity in 
mungbean seekings 

compared to treatments but gradually declined 
when germination advanced. The nitrate con¬ 
tent of the seeds also followed a somewhat simi¬ 
lar pattern (Fig. 2) showing its requirement for 
the induction of enzyme activity. In the present 
study the en^me activity was sharply reduced 
after initial higher level for the shortage of seed 
nitrate reserves linuting its role in germination 
and seedling growth. It appears that the early 
seedling growth is mainly supported by the 
amino acids released from the hydrolysis of the 
endosperm proteins *’• **. 

Soaking of seeds with GAj caused 
marked reduction in enzyme activity at initial 
stages but as the germination proceded further 
the effect was narrowed down (Fig. 1). In con- 
strast to this the effect of GA, on seedling growth 
was found stimulating (Table 1). Nitrate level 
was however, not affected by GAj application 
and followed the same trend as observed in 
control (Fig. 2). These results suggest the possi¬ 
bility of two different factors working indepen- 
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TABLE 1: Effect of GA, on seedling elongation and dry 
matter production in mungbean at 120 hr after 
soaking (Average of 10 seedlings) 


Treatments 


Control 
GA, 10 ppm 
GA, 50 ppm 
GA, 100 ppm 

SEM± 


Seedling length 
(cm) 

9.01.0416 

11.1010.211 

11.5510.479 

11.7010.213 


Seedling dry 
weight (g) 

0.1721.0006 
0.2521.0122 
0.2101.0151 
0.2141.0147 


^201 


L. 



N. 


iro 

O 

Z 10 

M 

o 

6 0 5 


• Control 
A GA 10 ppm 
X GA 50 .» 

0 GA100 »» 




-I-1-1 

72 96 120 


Hours after soaking 


Fig. 2: Effect of GA, on nitrate content in mungbean seed¬ 
lings 

dcntly in controlling the enzyme activity in GAj 
soaked seeds. Low enzyme activity at 48 hrs 
seems to be the result of the interference of GAj 
in the synthesis of NR whereas later revival in ac¬ 
tivity may be due to the disappearance of GAj 
from the active site of the enzyme or its utiliza¬ 
tion in other metabolic processes. It has been 
reported that GAj does not directly prevent ni¬ 
trate induction of NR but it does interfere with its 
synthesis when incubated in the presence of ni¬ 
trate for period greater than 6 hrs^®. In the pres¬ 
ent study the NR activity measurements were 
started at 48 hrs after soaking with GAj and the 
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enzyme activity was not completely abolished 
but showed marked reduction. It has been sug¬ 
gested that the time course of this interference 
may be a secondary one and the reduction in 
enzyme activity might be due to consequences of 
the appearence of GA induced, proteases'®. 

K. G. WASNIK 
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Occurrence of follicular cyst in the pituitary 
gland of Funambulus penmnti (Wroughton) 


Occurrence of neoplastic tissues like 
cyst, lymphoid tissues, ciliated and mucoid cells, 
tubular glands, etc. among endocrine glands is a 
rare phenomenon. In the human pituitary gland, 
ciliated and non-dliated cysts have been re¬ 
ported by many investigator.'' * Cysts have also 
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been reported in the pituitary gland of wall lizard 
Hmidactylusfkviviridis? In this communication 
the structure of the Rathke’s cysts occurring in 
the pars distalis of the Indian palm squirrel Fun- 
ambulus penmnti is described. 

Over 150 feniale specimens were sacri¬ 
ficed for this study. The brains with intact pitui¬ 
tary used in this study were fixed in Bouin's fluid. 
5 jim thick paraffin sections were stained in peri¬ 
odic acid Schiff's (PAS), lead haematoxylin 
(PbH) and AB-PAS-CX3. (Alcian blue-periodic 
acid Schiff-orange G.) techniques. 

The pituitary complex of F. penmnti 
exhibits typical morphological features, charac¬ 
teristic of the group sciuridae. While examining 
the serial sections of the brain with the pituitary, 
follicular cysts of variable shapes and sizes were 
encountered only in six fema Ic sped mens (Fig. 1). 



Fig. 1. Section of pituitary bhovving cyst (0{\ in pars distalis 
(I’D) with distinct epithelial wall (EL) PAS-positivo 
colloid (CO) is present in the lumen. Note thccon- 
• tinuation of colloid with the epithelial cells. Cilia arc 
^ ' also visible in the luminal side. 

Although they are restricted to pars distalis, but 
their distribution is not specific. There is a defi¬ 
nite boundary between cyst wall and the compo¬ 
nent cells of pars distali%. The cyst wall is not 
uniformly thick. In some, it is made up of only a 
single layer of cuboidal cells while in others it is 
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multilayered. The cellular profile also varies 
from spindle or cuboidal to columnar type. The 
outermost boundary is made up of connective 
tissue elements. The cavity of the cyst is packed 
with PAS-positive colloid which gives positive 
reaction to PAS (Fig. 2). Despite the large cysts 



Fig. 2 1 hghor magnification of a part of the cyst showing 
bundles of silia (Cl) in the epithelial lining of the cyst 
wall. 

the surrounding pituitary cells appear to the 
normal. The epilhelial cells have cilia which are 
very distinct at some places (Fig. 2). The apical 
region in some o.*^ the cells shows PAS-positive 
droplets which are continuous with the luminal 
content of the cyst.' 

Cysts from various components of the 
pituitary complex in mammals have been re¬ 
ported by Romeis,^ Rasmussen,^ Shanklin,® 
Vijayan et al^ Most of the cysts arc classified into 
two major categories.®’ ’’ In the present study, the 
follicular cyst is located in the parts distalis and 
so it is of Rathke's type, as there is a definite 
boundary between the cyst wall and component 
cells of the pars distalis and they are situated 
quite deep in the endocrine parenchyma. 

The identical PAS-positive reaction in 
the secretory material of the cyst has led Dar and' 
Sathyanesan* to opine that cysts are formed in 
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response to an increased hormonal demand. 
Present authors are of the opinion that follicular 
cells are involved in the secretion of some muco¬ 
polysaccharide containing substances and are 
perhaps a part of the anti-inflamatory response 
to some unknown causative factor. 
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Changes in proton efflux and plasmalemma- 
bound ATPase activity during early seedling 
growth of mungbean (Vigna radiata L.) 


also seemed worthwhile to measure proton ef- ■ 
flux against influx of different cations applied 
exogenously. 

Mungbean seeds {Vigm radiata L. 
Wilczek) were allowed to germinate and grow in 
sterile distilled water in a dark humid atmos¬ 
phere at 25°C for the desired lefigths of time. 
Hypocotyl segments measuring 2 cm were cut 
from such seedlings and split longitudinally 
across the middle and kept in ice-cold water for 
1 hand subsequently transferred to conical flasks 
containing 30 ml of water or other test solutions. 
The flasks were placed on a rotary shaker (100 
rotations/min) and kept there for the requisite 
lengths of time and decrease in pH of the media 
was measured in a SICO Digital pH meter. 
Crude plasma membrane fractions were 
extracted from seedlings after removing the 
cotyledons according to Lindberg et aP. The 
pellet obtained between 12,000-25,000 g was re¬ 
suspended in a small volume of the extracting 
buffer and assayed for ATPase. P, released and 
protein contents of such extracts were meas¬ 
ured®'* in a Klett-Summerson colorimeter. 

The media acidification was enhanced 
largely by divalent cations with an order of effec¬ 
tiveness as Mg^*>Ca^*>Mn^*, whereas mono- 
and polyvalent cations tested were almost inef¬ 
fective (Table 1). AP* inhibited acidification and 

TABLE 1: Effect of different cations (1 mM) on proton efflux 

from mungbean hypocotyl segments. Each value 

is the mean of 3 replicates (Seedling age: 72 h) 


The initial phases of seedling growth are 
characterized by rapid cell division and a'll elon¬ 
gation, the latter being primarily regulated by H* 
efflux from the cytosol across the plasmalemma 
to the cell wall. The magnitude of proton efflux 
is largely dependent on the activity of mem- 
brance-bound ATPase proton pump which is 
activated by auxins and is operative at the ex¬ 
pense of the energy of ATP obtainable from 
respiratory metabolism^'®. 

The present investigation was under¬ 
taken to study the possible correlation between 
H* efflux and the membrane-bound ATPase ac¬ 
tivity with the progress of seedling growth. It 


Treatment 

Decrease in pH/Id 

Water 

0.74 

NaCl 

0.80 

KQ 

0.74 

MnO, 

0.97 

MgCl, 

1.42 

CaCl, 

1.14 

AICl, 

0.28 


monovalent cations like K* could not induce ad¬ 
ditional acidification as compared to water con¬ 
trol. This probably indicates the existence of an 
electro-neutral H*/Mg^* cotransport across 
plasmalemma in this material. MgCl, was most 
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2 3 4 

Doys ot growth 

Fig.3 


2 3 4 

Days of growth 
Fig.4 


Fig. 1: Effect of different concentrations of MgQ, on proton efflux from mungboan hypocotyi segments (Seedling 
age: 72 hr) 

Fig. 2: Effect of different hours of incubation on proton efflux from mimgbearv hypocotyi segments. 

Fig. 3; Inaease in shoot and root lengths at different periods of seedling growth. 

Fig. 4: Changes in protem efflux and AT Pise activities at different periods of seedling growth. 
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During seedling growth, there is rapid 
utilization and regeneration of ATP involving 
energy-consuming and energy-releasing proc¬ 
esses of the cell. The lag period between maxi¬ 
mum ATPasc activity and highest rate of proton 
efflux may be the time required for transport of 
H* ions from cytoplasm to the primary walls for 
inducing media acidification. 

The growth rate of shoot and root was 
maximum between 2 to 3 days and both of them 
continued to elongate even when H* efflux and 
ATPase activities were reduced significantly 
(Figs. 3 & 4). The acidic pH activates the en- 
2 )nnes needed to break glucosidic bonds of 
extension-restricting polysaccharides within the 
primary wall. It is probable that ATPase-stimu- 
lated H* release after 2 and 3 days of growth was 
sufficient to lower the pH to the desired values so 
that it could continue to activate the required 
enzymes for considerable periods of seedling 
growth. 
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Palynotaxonomical affinities of Lythraceae 

with Myrtales and Onagrales 

The angiospermic family Lythraceae has 
generally been treated under the order Myrtales. 
Hutchinson^ segregated dicotyledonous plants 
into Lignosae and Herbaceae, placing the family 
under Herbaceae in association with mostly 
epigynous taxa like Onagraceae, Haloragaceae, 
Trapaceae and Callitrichaceae of the order Ona¬ 
grales. While revising his classification for the 
third time, Hutchinson* reconsidered the family 
under Lignosae and treated it under the order 
Myrtales in association with the Sonneratiaceae, 
Rhizophoraceae, Lecythidaceae, Combretaceae 
and Melastomataceae with a closer relationship 
with the last two families. Hutchinson* also con¬ 
sidered the Myrtales to have originated from the 
Guttiferales. Stebbins* rearranged these families 
and placed Onagraceae and Trapaceae under the 
Myrtales and Haloragaceae and Callitrichaceae 
under other orders. Takhtajan^ merged both the 
Hutchinsonian orders under Myrtales ai.d 
placed the fanulies like Lythraceae, Sonnera¬ 
tiaceae, Melastomataceae, Myrtaccae, Ona¬ 
graceae, Trapaceae, etc. under the suborder 
Myrtineae. The object of the present work is to 
sort out the prevailing unstable relationships of 
the family Lythraceae based on pollen-morpho¬ 
logical characters. 

A total of 35 species under 31 genera 
from ten families have been investigated. The 
pollen morphology of the relevant families was 
studied and desaibed with special reference to 
aperture, shape, size, exine ornamentation and 
stratification. Such characteristics of the relevan t 
families, six from Lignosae and four from Herba¬ 
ceae of Hutchinson* revealed considerable vari¬ 
ations (Table 1). 

Pollen-grains of six arboreal families 
have mainly been found to be colporate. 
Duabangagrandiflora of the Sonneratiaceae, hav¬ 
ing close affinity with the Myrtaceae and Le¬ 
cythidaceae, however, ratrealed the presence of 
triporate grains. On the other hand, out of four 
herbaceous families, porate apertural types were 
recorded from families except from the 
SCIENCE AND CULTURErMAY, 198P 
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Callitrichaceae, where the grains were inapertu- 
rate. Pollen-grains of the Lythraceae have been 
generally found to be tricolporate— a character 
common with the allied families of the Lignosae, 
Barringtonia acutangula of the Lccythidaccae, 
however, showed a departure from the general 
trend having colpate pollen-grains. Prolatc-tri- 
colporate grains of the members of the Ly¬ 
thraceae are very similar to the grains of Melas- 
tomataccae, suggesting close affinity as consid¬ 
ered by Hu tchinsonl His tracing the origin of the 
order Myrtalcs from the Guttiferales derive 
support from the pollen-morphological data. 
Pollen-grains of Calophyllum inophyllum and 
Hypericum himdlaicum of the Hypericaceac bear 
more or less same type of tricolporate pollen- 
grains. 

It may be concluded from the pollen- 
morphological studies of the associated families 
of Lythraceae pertaining to Hutchinson's later 
treatment^ that th^ family is more logically 
placed under the class Lignosae. The findings 
also support Hutchinson’s idea about the origin 
of the order Myrtales from the Guttiferales. 
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Isolation of furfuraldehyde £rom 
aldobiuronic acid of Bhindi fibrt 
(Hibiscus esculentus Linn.) 


Bhindi fibre is a vegetable fibre which is 
a by-product from the waste of Bhindi pod culti¬ 
vation. It has got immense potentialities as a 
source of commercial value^, such as making 
paper, cardboard and Textile purposes. Before a 
fibre is ad vocatod for its industrial and other uses 
its chemical nature need to be properly ascer¬ 
tained. This work was done with the idea that the 
yield of furfuraldehyde from this compound 
would correspond more closely with the yield to 
the expected from the acidic component of the 
parent polysaccharides. The results are reported 
here. 

Aldobiuronic acid is the acidic part of 
the polysaccharide of the Bhindi fibre. It was 
isolated by acid hydrolysis (0.5M HjSO^) of 
hemicellulose and examined by g. 1. c*. It was 
observed that a small amount of xylose was 
present in the acidic sugar. Removed the trace 
amount of xylose by paper chromatography 
with the solvent system butanol, pyridine, water 
(10:3:3). The aldobiuronic acid was extracted 
from the paper with water and the solution was 
treated with Amberlite rasin IR-120 (H*) filtered 
and concentrated to a syrup under reduced pres¬ 
sure. The syrup was dried to a powder in a 
vaccum desiccator over phosphorous pentoxide. 

The aldobiuronic acid had (a)f 97, (C, 
1.05 in water) OMe 9.32%, uranic anhydride 
51.2%, equivalent weight 338.5. Calc, for 
CjjHjqOj,, OMe 9.1, uronic anhydride 51.76% 
equivalent weight 340. 

The aldobiuronic acid was identified as 
2-0-(4-0-methyl-a-D-glucopyranosyl uronic 
acid)-D-xylopyranose, also by its conversion into 
its acetate and its to the methyl ester methyl 

glucoside^lm.p. 200®C, (oi)^+100 (c, 0.55 in chlo¬ 
roform) OMe, 17.1]. ° 

Furfuraldehyde was obtained* by boil¬ 
ing the aldobiuronic acid with 12% Hel at MSKI 
until no further reaction for furfural is given by 
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aniline acetate. The furfural was precipitated as 
phloroglucide and calculated from the weight of 
phloroglucide using Krober's table. In our ex¬ 
periment 40.0 mg of aldobiuronic acid gave 23.3 
mg of furfural-phloroglucide. It shows that 4-0- 
methyl glucouronic acid residue evolves 15.04% 
of its weight of furfural. On glucouronic anhy¬ 
dride the yield is 16.24%. which is 29.77 of the 
theoritical value. 
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On the mass transfer during 
intercellular communication 

According to the fluid mosaic model of 
membrane structure’, surface proteins are free to 
diffuse in a lipid matrix and thus to assume a 
random or homogeneous distribution over the 
coll surface. Lipid sand proteins are mobile in the 
plane of the membrane^. This lateral mobility® 
could have an important role in the transmission 
of signals through tjje membrane. Cell't 07 <^ll 
communication consists of both long-range And 
short-range interactions between cells^. Cell-to- 
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cell diffusion of substances is involved in the 
signal transmission®. Macromolecules could 
pass between cells by going through membrane 
junctions between the cells. 

The interfacial motion between nucleo¬ 
plasm and cytoplasm has recently been studied®. 
The cell pulsates and the surface area is assumed 
to change according to the relation® 

S = (1 + a sin^ wt), (1) 

where is the interfacial area at t = o, (o = 2nf, 
f is the frequency of vibration, 1 -p a is the ratio 
of maximum area, S to minimum area, . (The 
surface area is more dependent than the volume 
on fluctuations from an idealized cylindrical or 
spherical cell form^). As the cell pulsates, new 
macromolecules come to the surface as the area is 
increased and older ones are removed from the 
surface as the area is decreased. Thus, there is an 
exchange of maaomolecules from one cell to 
another. If K be the mass transfer coefficient 
(mS ’) and D the diffusivity (m^ S'’), the time- 
averaged mass transfer product can be written as 

+ 2(D/itt')’'', F(t) = (t-t)-''' (2) 

The first term gives the transfer to macromole¬ 
cules which appear or disappear whereas the 
second term represents transfer to the macro¬ 
molecules of the surface membrane present over 
the entire time period t'. (The plasma membrane 
has a vital role in intercellular communicatioi^). 
KS is the time average product of interfacial area 
and external mass transfer coefficient. Using 
equations (1) and (2), one gets 


P >i2D0) Q+o.7a), (3) 

S„ rc 

assuming that the averaging time is the period of 
oscillation of the ceU, r'. Mass transfer is thus 
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directly related to the frequency of vibration of 
the cells and the amplitude factor a. Taking 

a = 0.5, e> = 0.22 X 10* Hz, D for viscous cyto¬ 
plasm’ = ■) .2 X10"“ m^ S"^ one gets 

^ rr 1 X10^ mS“*. 


Mass transfer during intercellular com¬ 
munication involves a number of fundamental 
biological processes that may have relevance to 
human disease’®. Disorders of membrane fluid¬ 
ity may be the underlying cause of several meta¬ 
bolic diseases”. Changes in the cell membrane 
are responsible for malignant growth”. If the 
intercellular communication is cut off and the 
junctional membranes are sealed, the behaviour 
of normal cells becomes that of cancer cells®. 
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Red-vented bulbul (Pycnonotus cafer), 
a serious pest of Brinjal in Muishidabad 

Birds are often considered to b^ benefi¬ 
cial as they are natural regulators of insect popu¬ 
lations’"® but now it is regarded as a serious pest, 
capable of destroying young crops*'®. 

In Murshidabad, a district of West Ben¬ 
gal red-vented bulbul, Pycnonotus cafer {Aves, 
Pycnonotidae) became a serious pest of brinjal 
crops iSolanum melangena). The bird is almost 
black in colour with a small crest and a tuft of red 
feathers in the anal region. They are mostly 
active during September, October and Novem¬ 
ber in the brinjal field. 

They damage the crop by eating the 
young fruits. Partly eaten fruits became de¬ 
formed and market value is thus reduced. 
Table 1 shows that field I during all three months 
were mostly affected while crops of fieid II were 
less damaged (12.77% in field I and 9.38% in 
field U in yield and 18.99% in field I and 13.03% 
in field II in rupees, derived from Table 1). Actu¬ 
ally when the bi»’ds were driven away by the 
guards they took temporary shel ter in the nearby 
trees of field I while in the field L they have to 
flown away fora more longer distance. When the 
guard went to a distant field, the birds again 
came back quickly in the nearby field I while 
they took more time to reach field II. Thus the 
gap between successive visits was less in field I 
than field II and so the damage became maxi¬ 
mum in field I. However, statistically losses 
incurred in two fields do not differ significantly 
(Chi-square values for the months of September, 
October and November are 1.839, 2 and 0.866 
respectively against the table value 3.841). 

Beating of drums either mechanically or 
manually to produce scund or by erecting an 
effigy of a man in the iniadle of a plot are in vogue 
in Murshidabad. But the last method proved to 
, be ineffective as the incidence of attack reaches 
•maximum within 2 or 3 days after erectifig the 
effigy. Poison baiting though effective but it was 
not favoured because it may cause serious eco- 
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bsdcbi/lfUfM iii lodlud* b 9 ffnv«bOT moil (89oqin ni bn* bJoi>( nf)qot9 telnhd io eeol lo noiifiiuqfnoD: 13JSAT 

(noqO ,11 biail; zmi oi in99j:.[bc ,1 bl9i3) 


Measures 



Monties 




September 

October 

* November 

Field 1’ 

Field IP 

Field P 

Field IP 

Field P 

Field IP 

Total yield of unaltacked fruit (kg)(U) 

5250 

5550 

7350 

8123 

4900 

5052 

Total yield of attacked fruit (kg)(A) 

875 

500 

1138 

652 

350 

195 

Expected yield (kg) (E) 

7440 

6850 

9626 

9818 

5705 

5481 

Actual loss (kg) (E-(A+U) = Ly) 

1315 

800 

1138 

1043 

455 

234 

Per cent loss (kg) Ly x 100 

17.67 

11.68 

11.82 

1062 

796 

4.27 

5c 11m g price of unattacked fruit 







(@Ks. 2.00 per kg) (SU) 

10500 

11100 

14700 

16246 

9800 

10104 

Selling price of attacked fruit 







(® Rs. 0.80 per kg) (SA) 

700 

400 

910.4 

521.6 

280 

156 

Selling price of expected fruit 







(@Rs. 2.00 per kg) (SE) 

14880 

13700 

19252 

19636 

11410 

10962 

Actual loss (Rs.) (SE-(SA+SU) = L.) 

3680 

2200 

3641.6 

2868.4 

1330 

702 

Per cent loss (Rs.) - kt..X ]QQ. . 

24.73 

16 06 

18.92 

14 61 

11 66 

6.40 


*Bascd on 25 plots, samples were taken at 4 days interval 


logical imbalance by killing bome useful birds 
and other vertebrates. 
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ENVIRONMENTAL PROBLEMS VIS-A-VIS FORESTS OF INDIA* 


DECADE ago, Richard St. Barbc Baker, an 
international authority on forestry, re¬ 
marked that it was essential to preserve and 
grow more trees to save mankind from 
extinction. Delivciing a talk on "Destroy Trees, 
Destroy Civilisation" under the auspices of 
Himalaya Seva Sangha in New Delhi, he stated 
that the preservation of forests was no longer a 
national problem, but a global one. This had to be 
tackled on a massive scale and the sooner it was 
done thebetter for mankind,headded. Thcearlh 
is being skinned alive and ruthlessly at that. This 
has caused a timber famine in the world and the 
day is not far off when we will run short of fuel, 
food, oxygon and water. The oroblem, according 
to Baker, had never been so serious as at present, 
for forests were being "mowed down to feed the 
requi rements of ind ustries wi thou t any regard to 
the consequences". Ho was aggrieved to find the 
once-graceful green mantle of the Himalayan 
ranges going barren now. Ho pleaded lor co¬ 
operation among India and its neighbours to 
preserve and develop the mountain ecology fora 
better life for the people. 

Tehri Dam 

It is amazing that, though trying to pro¬ 
tect natural resources, the Centro still approves 
projects whereby vast tracts of forest are da¬ 
maged. A case in point is the Tehri dam project 
which might inundate not only the town of Tehri 
entirely but also 72 ether villages partially. It will 


flood 2,000 acres of pasture, 1,600 acres of culti¬ 
vated land and 1,000 acres of forest land. While 
the project is expected to g .nerate 2,400 MW of 
electricity, it will displace about 70,000 people. 
Moreover, doubts have been expressed about 
the dam's location in a seismologically sensitive 
zone. The very purpose of the dam would be lost 
by its construction on the Bhagirathi, a river with 
unusually high rate of siltation chiefly due to 
wanton destruction of forests upstream. Despite 
objections raised by more than one export 
committee, the Government has decided to go 
ahead with the project and only a writ petition 
filed in the Supreme Court by a local citizen's 
organisation is holding up the work. 

Narmada Valley Hydel Project 

The second case is that of Narmada 
Valley hydel project, one of the most ambitious 
Government projects, comprising three States 
which would uproot 90,000 tribals and 284 vil¬ 
lages. More than 40,000 hectares (ha) of irre¬ 
placeable deciduous forests in a region, harbour¬ 
ing a vast array of wildlife, would be submerged. 
Recent inquiries in the command area of the 
project indicated that these victims (people) have 
not been officially informed what the Govern¬ 
ment planned to do with them befofe drowning 

* Based on a lecture delivered at the National Seminar on 
Environmental Protection held at Visva-Bharati duirii^ 
S^tember 4-6,1987, 



their farms and homes. If the barrage height is 
lowered, it will serve the utility of irrigation and 
also conserve a great patch of Nature for future 
human use. 

Doon Valley Limestone Quarrying 

Of late, the Chipko activists (to whom 
the Government pays so much lip service) have 
been trying to stop limestone-quarrying in the 
Doon Valley of Uttar Pradesh, which has re¬ 
duced almost the entire Shivalik range to rubble. 
In 1985, the Supreme Court ordered the closure 
of most quarries. One of the quarries, located in 
Nahi Kala village, was allowed to operate and 
despoiled the environment. The villagers al¬ 
lege that the experts appointed by the Supreme 
Court never visited their village. So the villagers 
are picketing the quarry on the plea that it was 
ruining forest land and was in contravention of 
the Forest (Conservation Act, 1980). The villag¬ 
ers have been attacked repeatedly by outsiders. 
Since the latest incident occurred on March 20, 
1987 the police registered crinunal cases against 
villagers receiving the most serious injuries 
during the attack. 

Appiko Movement 

Deforestation is, of course, a country¬ 
wide phenomenon. The third case being exam¬ 
ined is of the now famous Appiko movement in 
Karnataka, where local farmers even forced the 
British to allocate reserve for^ts for them in 1924. 
These were the areas where large-scale forest- 
based industries came up after 1947, slowly re¬ 
placing the forest by monoculture plantatioirs of 
eucalyptus and teak. In northern I^rnataka, the 
forest cover declined from 81% in 1952 to 20% in 
1983. The consequences have been erratic pre¬ 
cipitation, drying up of water resources and 
ihajorcropfailures. The Appiko movement was 
thus ush(»%d in, demanding a stop to commer¬ 
cial felling of trees. Though the demand hasbeen 
conceded pfficially, the Govenunent is y^ to 
declare catchfnoit areas as protected for^ts or 
even plit^'indigenous spedes. 


Kaiga Reactor 

The fourth case is that of India's nuclear 
plant to be commissioned at Kaiga, a pristine site 
on the banks of the Kali in Karnataka's north 
Kanara district. It is 38 km inlafVd from the 
Arabian Sea and is hemmed in on three sides by 
hills that bring 250 cm of rainfall for five months 
every year. In the heart of a luxuriant tropical 
evergreen forest, the Department of Atomic 
Energy (DAE) will set up two units initially, each 
of 235 MW capacity. Tliere is no cessation of a 
nuclear pile once you have pressed the button. 
As the Kaiga reactor will be located near ura¬ 
nium-mining grounds at Arebail, all that goes 
into the functioning of a reactor will be concen¬ 
trated in the strikingly verdant Western Ghats. 
Through the fragile forest belt, the uranium will 
be carted to Hyderabad. At the plant site, 
enriched uranium will be fissioned and so will be 
the waste reprocessing as well as disposal. Such 
an accumulation of radioactive mess is not likely 
to prevail anywhere else in the world. 

It is a matter of deep consternation that 
the DAE drew up the blue print for the Kaiga 
complex without any environmental-impact 
analysis despite three years of exploratory activ¬ 
ity. However, blind work commenced without 
seeking the consent of the region’s few inhabi¬ 
tants. Exploratory drilling and ground-breaking 
for a helipad have started. Work on power- 
transmission lines, workers' colonies, townships 
and link roads is yet to begin. At least 5,000 
workers will make the forest their means of 
livelihood and recreation, compounding the 
harm. As if this is not enough, the Kaiga project 
will be put paid to the Anshi wildlife sanctuary 
15 km away. Among the fauna perhaps to be 
disturbed, if not exterminated, by radioactive 
substances include the sloth bear, spotted deer, 
wild dog, gaur, monitor lizard, wild pig and 
tiger. The avifauna likely to be adversely af- 
feclted are rare birds such as Malabar pied-lwm- 
bill, pigmy woodpecker, myii&lv Jordon's impe¬ 
rial-pigeon, long-billed vultures and some 120 
other species. On the agricultural front, the 
nuclear pW will be definitely detriihental to 
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plantation crops like arecanut betelvlne, carda¬ 
mon, cocoa, coconut and pepper. 

All these lead to the crux pf the problem: 
what is the long-term future of the Western 
Ghats once the I^iga nuclear plant comes up ? 
An accident or a bomb can irreversibly damage 
the ecosystem for generations to come and the 
world may witness an unprecedented ecological 
disaster which can eclipse the incident at Three 
Mile Island (USA) or Chernobyl (USSR). 

Bastar Forests 

On the question of deforestation, the 
Second Citizens' Report (1985) on the Environ¬ 
ment (prepared by the Centre for Science & 
Environment, New Delhi, in collaboration with 
24 voluntary organisations and 54 social work¬ 
ers, environmentalists and scientists from all 
over the country) pointed out the discrepancy 
between Government data and the data subse¬ 
quently revealed by satellite pictures by which it 
was proved that India is losing a sta^ering 1.3 
million ha out of a scanty tree cover that currently 
accounts for merely 7.5% of the country's land 
area. Further depletion of this tree cover would 
spell disaster for posterity. If environmental 
restoration work is initiated in right earnest now, 
it would take more than l(X)yearsor three human 
generations to resolve the ecological crisis con¬ 
fronting us. 

The above report dealt specifically with 
the issue of deforestation in Bastar. It mentioned 
that approximately 80% of forests are estimated 
to be adequately stocked, but about400W ha of 
largely undemarcated and protected forest land 
is thoroughly degraded with only a bare mini¬ 
mum of top soil. "A number of efforts have been 
madein Bastar to grow monoculture plantations 
to meet the needs of wood-based industries. 
Efforts at raising pine and eucalyptus planta¬ 
tions have been uttef failures, but tl^ conversion 
of sal forests into monoculture continues to be 
state policy”. Among theittfluencesof deforesta¬ 
tion, the report sta^ one that is not noninally 
focussed upon tijfi ruin of sevi^al traditional 
,daffo due fo the pad^ bf raw mate^ 
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Eucalypt & teucaena Epis<^ . v 

The eucalyptus, one hailed as a paha^ 
for all forestry problems, appears to be dedining 
from grace. That farmers in Ihmjab and Gu^at 
switched over from raising foOd-grain» to titis 
wonder tree and got rich in no time had set off an 
eucalyptus revolution in many States. With 
generous official assistance, nearly a million ha 
of good farmland is thought to be devoted to this 
entiiusiastic drive. In recent years, oi’vironmen- 
talists and foresters have started ringing the 
warning bell that the tree performs considmble 
harm by withdrawing moisture from the sur¬ 
rounding soil which harms proximity crops, tn 
1985, a Seminar at the Kerala Forest Research 
Institute enumerated many other perils and 
advocated caution in propa^ting eucalyptus 
which provide an excellent resource for fuel, 
paper and what have you. This reminds me df 
subabul {Leucaem leucocepMa) which only a few 
years ago was dted as a mirade plant. In 1981, a 
Seminar at Urlikanchan near Pune indicated 
some major demerits and not much has since 
been heard about it. The quest for a fast-growing 
tree that would produce a green cover to the soil 
and serve as a primary source of fuel and comr 
merdal energy cannot be a simple one in terms of 
India's dimension and variety. What such a plant 
takes away from the soil must be put back info 
the soil. Like high-yieldingcereals, fast-growh^ 
tree plantations will require more fertilisers and. 
water from outside. Moreover, there is a native 
resistance of the soil to exotic plants aitd the Ic dd 
flora are not congenial to inunigrant species. 

Famine 

Another case examirwd is deforestation 
in the Santhal Parganas of Bihar, 70% of which 
was dominated by thick foreste two decades. 
Today, the forest cover has plumetted down fo 
14% and thebulkof iteucalyptusand teakgrown 
commercially but of little use to the load popu- 
ladb. The consequences are inevi^Iet fam^ 
water scarcity and diseases hitherto unknowhjlA ; 
the region--cholera, jaundice luid 



Resi dent protests are denounced as a law-and- 
order problem. 

Vegetation degradation in West Bengal 

The Left Front Govemmertt, which until 
recently was under the impression that West 
Bengal had 18% of its area under forests, got a jolt 
when satellite studies by National Remote Sens- 
►,ing Agency demonstrated that it was only 8%. 
The State is galloping towards an environmental 
disaster as far as rapid destruction of forest areas 
are concerned (in the name of industrialisation). 

The important reason for brazenly de¬ 
stroying forests is rural poverty, bringing about 
untold suffering and misery. Fodder and fire¬ 
wood are becoming expensive these days. Those 
villagers who live in the fringe areas of the forests 
are paid by the timber-thieves to guide them into 
the forests. They are forced by agrarian exploi ta- 
tion and lack of round-the-year employment to 
cut down trees mercilessly. A grown sal tree is 
known to fetch Rs. 10,000-12,000. Such high 
prices attract the poor people to commit the most 
heinous crime. According to the most conserva¬ 
tive official statistics, more than 40,000 crimes 
have been detected over the past three years. Of 
these, 85% constitute illegal felling of trees. An 
equal number of cases, if not more, have gone 
unlraced. 

Illegal felling of trees by organised 
groups has gone up by leaps and bounds with 
enhanced demand for timber and firewopd. The 
Government has so far failed to bring the culprits 
to book or even contain the menace. Honest 
Forest Department Officers have incurred the 
wrath of interested politicians for trying to ap¬ 
prehend known culprits. Frequently, these clan¬ 
destine gangs overpower the handful forest 
guardsand have access to the core areas of forests 
on account of iihproved communication facili¬ 
ties. The gangs saw a healthy tree halfway into 
its girth at the bottom. Though the saw-mark is 
scauely discernible, the tree dies quickly. It is 
then consumed to legal chopping by foresters. 
Every year, wood valued at Rs. 2()0 Prores is 
felled iUegally. In West Bengal alone, the annual 
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consumption of timber is 10.4 million m*. There 
is a recorded supply of 700,000 m* of timber per 
annum and the deficit is made up by procuring 
through improper means of unscrupulous trad¬ 
ers. 

Due to population explosion, the widely 
acclaimed sal forests (extending from Midna- 
pore to Purulia through Durgapur and Bankura) 
is now virtually non-existent. Even the Sunder- 
bans, the world's elegant mangrove forest, is 
endangered for the same reason. The forests of 
Jaldapara, abode of the renowned one-horned 
rhinoceros, are on the wane. More and more 
forest land is encroached upon and cleared for 
new villages. 

However, there is little attention paid to 
modi fy the developmen t process in a fashion tha t 
would bring it into great harmony with the needs 
of the people and maintain ecological balance 
simultaneously. How forests exactly regulate 
the condition of air, water and soil has been 
illustrated in the districts of Bankura ar x Pu¬ 
rulia. These two districts were heavily infested 
with forests 50 years ago and trees are a scarce 
commodity there today. As a result, the soil has 
turned parched and now need more water than 
before for cultivation. Whereas the water re¬ 
quirement of soil has gone up, the water level has 
fallen drastically because of death of trees which 
store the water underground and serve as a 
percolating medium. In years of poor rainfall, 
the water instead of percolating cfown goes 
waste. Hence, most of the sapling's tend to wilt 
for want of moisture. 

Till now, 80% of the seedlings supplied 
under the afforestation programme by the Gov¬ 
ernment are of two exotic species—eucalyptus . 
and subabul. The former is of limited commer¬ 
cial significance and can run to the size of a** 
p’lntation but cannot create a forest in view of. • 
the fact that multiplicity of mixed species isindis- 
pcnsablc for maintaining Nature's balance. Such 
a monoculture afforestation policy of the State 
Government has been criticised on the ground 
that eucalyptus is not suitable for the develop¬ 
ment of a fauna, as it can spoil the food-chain of 
animals. 
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The dwindling of ve^tation covet* 
causes the loss of top soil—a natural resource 
virtually irreplaceable and taking Nature 1,000 
years to build up an inch. The drought-flood 
cycle is getting accentuated, posing a new threat 
to the ecology. "Recharge of the groundwater is 
being reduc^ and as a result villagers are find¬ 
ing it difficult to get drinking v/ater during the 
dry months". Thus, trees are urgently needed to 
help in scoring underground water. It is note¬ 
worthy that for every 7 km of forest area, 1 km iP 
denuded yearly. 

"niough Central funds are earmarked for 
forest development in hill areas, there is barely 
any evidence of integrated approach to the dis¬ 
trict of Darjeeling. The concept of development 
withor.t destruction, so essestial for conservation 
and utility of resources, is yet to strike firm roots 
there. Hence, the region finds itself in the midst 
of a grim situation in which a depleted resource 
base and mounting poverty reigns supreme. By 
and large, the forest policy is geared to restruc¬ 
turing the vegetation through the introduction of 
quick-growing exotics regardless of the impact 
of such undesira’^le practices. Apart from denu¬ 
dation, the forest-based life-style of the target 
groups (whose economic regeneration is the 
avowed goal of the Five-year Plans) has been 
undermined by this process. Furthermore, the 
commercial exploitation of the Darjeeling forests 
ignores the conservation of wildlife. It is a pity to 
see Himalayan bears, wild boar, doer, jungle cat 
and leopards restricted to few acres of the 
Senchal wildlife sanctuary—a run-of-the mill 
totfrist show-spo’t rendered smaller in size by 
indiscriminate deforestation. A rational forest 
policy would have concentrated on an effective 
conservation in the catchment areas, particularly 
the dense woods of Tiger Hill and Takdah as well 
*as protection of the inaccessible natural sanctu¬ 
ary and watersheds of the Takdah range. Since 
the Himalaya is geologically young, the EJarjcc- 
linghillsrare susceptible tocrosionand arc in dire 


necesaty of oeing clothed with forests. A proper 
afforestation programme has a conspicuous role 
to play here. 


Conclusions 


The major sufferers of environmental 
degradation are women, as it is they who have to 
spend much longer hours collecting fuel wood 
and fodder and then cook in inefficient stoves 
which ruin their health. Probably for this reason, 
whenever there is an afforestation programme, 
the maximum co-operation is received from the 
womanfolk. When women plant trees, they like 
to plant those which yield fuel and fodder and 
not cash crops like eucalyptus. 

As repeated visits to the regions worst 
affected by the destruction of environment have 
depicted, the local people do not need an aware¬ 
ness programme or almost no villager in India 
need training in conservation ethics. It forms a 
part of their daily lives and they are very well 
aware of it. It is the city-bred man and the bu¬ 
reaucrat and legislature who ne?d to be tutored 
on conservation education. What rural people 
need is the political voice to express their own 
heritage, rooted in conservation. They are usu¬ 
ally powerless to halt the demolition ordered 
from "outside". When villagers talk of environ¬ 
mental protection, they mean their own survival. 
Their conservation movements are deeply en¬ 
trenched in the coun.. y's own highly developed 
heritage. The residents of Bastar did not need to 
launch environment awareness campaigns or 
hold eco-development camps to resist tropical 


pine plantation in thoir forests. They knew that 
monoculture wrought havoc for the precious 
cavironmen t and for them too. The same goes for 
the Bodhghat project, which the Government of 
Madhya P; idesh seems to have pushed through 
hurriedly despite fit.ee local resistance and a 
harsh report from the Ministry of Environment 
and Forest. ^ 
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BIOTIC COMMUNITIES IN ENDANGERED AQUATIC 
AND MANGROVE ENVIRONMENT 


A. B. CHAUDHURI* 


Introduction What are Wetlands ? 


W HILE the orbitting Satellites have con¬ 
tributed greatly to our knowledge of cloud 
cover, cloud-top-temperature, vertical tempera¬ 
ture, humidity level at different altitudes and 
Remote Sensing Satellite on Ocean temperature 
and Geostationary Satellite on weather develop¬ 
ments, these Satellites have not adequately re¬ 
flected data on moisture level of various typos of 
soils and the biologists have not either correlated 
such findings with occurrence of niicroflora and 
fauna. 

The Department of Space has only re¬ 
cently staged a symposium at Ahmedabad and 
some years back the National Science Academy 
held a workshop of hydrology; such studies have 
not been done on floral and faunal occurrence 
vis-a-vis moisture regime. 

International Union for Conservation of 
Nature and Natural Resources (lUCN) offers a 
broad definition of Wetland as "Areas of sub¬ 
merged or water stagnant lands whether both 
natural or artificial or permanent or temporary 
or whether the water is static or flowing or fresh, 
brackish or salt-water dominated areas to be 
considered would include-marshes, sloughs, 
bogs, swamps, fens, pcatlands, estuaries, bay, 
lagoons, ponds, lakes, rivers, springs & reser¬ 
voirs; where marine or coastal waters are in¬ 
volved water upto a depth of 6 m at low tide are 
included". 

Wetlands in this country have shrunk 
considerably and there are endangered sites in 
all biotic communities and ecosystem. Highly 
productive wetland have been and are being 
destroyed for dredging, filling, mining, pollu¬ 
tion/ expansion of cultivate and habitation. 
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Wetlands are economic reserves. They 
arc for breeding, nesting, moulting and winter¬ 
ing by migratory birds. Such lands function as 
sponges accumulating excess water in flood and 
are important for the maintenance of ground¬ 
water level. Marshes and swamps act as safety 
valves in the whole hydrographic system of a 
watershed area. Such lands are complete 
ecosystem and form vital sites for game birds of 
high genetic value. Ramsar convention of lUQ^ 
had been an initial step to identify such endan¬ 
gered and rich sites of the world. This conven¬ 
tion has emphasised that wetlands are vital links 
in the web of life and are sole habitats for several 
endangered species of local and migratory birds. 
Such sites have diverse, aesthetic and intangible 
values and provide fodder, forage and nesting 
sites for various avifauna and animals. Wetlands 
throb with faunal life and form nursery for very 
many aquatic animals and plants. Ponds are, 
however, the largest aquatic resources of the 
country. But inland water, ground water, fresh 
water of rivers, tanks etc., estuarine swamps, 
high altitude glaciers also form the bulk of wet¬ 
land. 

Identification of Sites 

It has been possible to identify and map 
large dam sites reservoirs, wet wildlife sanctuar¬ 
ies, mangrove forests, back-waters lagoon, bqt 
what are about innumeable smaller sites, bils 
which are created during monsooii, high-alti¬ 
tude small spots of watef*and n'toistUrc-ladcn 

*131, Netaji Subhas Chandra Bose Road, Bioek.-IO, Flat- 4, 
Caicutta-700040. 
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sites scattered all over the country ? What is 
about the moist soil all over the country that 
harboiu* millions of invertebrate fauna which 
have not been identified. It is also necessaiy to 
mark out areas of rare plants, endangered plants, 
concentrated zones of Myxophyceae, Chloro- 
phyceae and Bacillariophyceae, areas of concen¬ 
tration of molluscs, Crustacea rich intertidal flo¬ 
ral and faunal zone, rich zones of foraminifera, 
noctileuca and dinoflagellates and also identify¬ 
ing concentrated zones of Plantanista and Cro- 
codylus porosus in the Sunderbans ? 

Water Surface 

A FAO expert on Inland Fisheries in 
South-Eastern Asia was asked by the author 
about the extent of inland water surface of India. 
He observed "Some one in long past gave a figure 
and that was being quoted; there was no authen¬ 
tic basis of such date." 

According to the report of Indo-Pacific 
Fisheries Council (IPFC, 1952), inventory of 
aquatic surface (kn^) was made for the Country 
as follows : 


(i) Fresh-water pond 

(ii) Brackish-water pond 

(iii) Natural Lakes 

(iv) Artificial Lakes 

(v) Rice fields 

(vi) Estuaries/Lagoons 


3379 km2 
26.7 km* 
1300 km* 
7,258 km* 
57,644.2 km* 
2,644 km* 


Taking it for granted that these figures 
have a sound basis. There is no figure on 

(i) aquatic sites in glaciers and in alpine situation; 

(ii) aquatic sites among rocks and boulders; 

(iii) aquatic sites in crevices of rocks; (iv) tempo¬ 
rary Aquatic sites during monsoon period and 

, (y) moisture regime in various types of soil and 
Status'of underground water at various seasons. 

. The figure quoted by I. P. F. C. seerns to 
have some lacunae, as they quote Hiailand and 
Indonesia which have 61368 km* and 135,480 
km* of water surface respectively; India is many 
times larger than Umiland and have just a little 
more water surface. 


A survey carded by the Forest Dejtert** 
ment. West Bengal shows ttuit tiie State (within 
Reserve and protected Forests) has 57,644 ha of 
Wetland. In 24-Parganas District (Outside RJP.), 
the Land and Land Revenue Deptt. have idbtti^ 
fied 1050 ha of marshes and bils which setens to 
be very poor. Theve are many bils outside Re¬ 
served in protected forests in the dMcts of 
Murshidabad, Maid a and West Dinajpur. 

National Parks of Wild Life Sanctuaries in 
marshy and aquatic sites 

At least twenty five (25) Wildlife Sanctu¬ 
aries and National Parks have been established 
in India on such sites. Notable among the% are 
Lake Pulicut (a lagoon). Lake (Zhilka (a lagoon). 
Point Calimere, Vedanthangal, Gillangudi aiul 
Ghana. Others are Nealampalli, Manjira, 
Kolleru, Corinaga, Mahavira Haiina Vanasthali, 
Nalsarovar, Sultanpur, Ck)bind Sagar, Ghata- 
prova, Ranganathitoo, Sirpur, Gandinagar, 
KeibulLamjao,BhitarKaruka,etc. Several other 
sanctuaries have ponds and dam sides or river 
inside; some such areas are Corbett National 
Park, Sibpur National Park, Taroba National 
Park and Ranthambhore Tiger Reserve. The 
largest water area, however, is in Mangrove 
forests of West Bengal (about 43(X) km*). 

Aquatic and marsh plant resources of India 

This country has about one hundred 
eighty (180, Marshy and Moist sites have another 
150 species) species of aquatic plants; these be¬ 
long to ninety (90) genera and thirty-nine (39) 
families. There are 9 species of Pteridophy tes, 75 
species of dicot and 100 species of monocot and 
vascular plants. The aquatic plants are cither 
floating, or submerged or amphibian or floating 
with roots at tank bottom. Some salient features 
are: 

(i) Widely distribu ted species number 35, less 
widely distributed number 38,testricted 
numtter 12, temperate and saline nunv* 
ber 24 and restricted species to Indiansut^: 
continent number 35. 
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(ii) Quantitative abundance of species are 
Eichornidcrassipes, Leersia hexandra,Trapa 
bispinosa, Pistia strateotes, Paspalidium 
gemimtum, Scirpus Sp., Ottelia alismoides. 

(iii) Temperate saline species are Aldrovanda 
vesiculosa, CaUitriche stagmlis, Halophila 
ovalis,Hydro\y thrum wallichii, Ruppk mari- 
tima, Utricularia inflexa and Zannichellia 
paluslris. 

(iv) Some species restricted to this country are, 
Aponogeton- echinatus, Limnophila aquatica, 
L connata, Myriophyllum fetrandrum, 
Najia breoislyla and Woolfia mircoscopica. 

(v) Heavily exploited species, which form 
food stuff, are threatened may be endan¬ 
gered soon are— Nymphaea nouchaJi, 
N. stellata, N. alba, N. tetragona, Nelumbo 
nudfera, Trapa bispinosa, Endydrafluctuans, 
Ipomoea aquatica. 

(vi) Biologically important species are Lemna 
sp., Azolla sp., and Spirodela sp. which are 
avidly eaten by fish as well asbird popula¬ 
tion. Fruits of most of the species are eaten 
by aquatic birds, besides leaves. Azolla 
fixes nitrogen. 

Utricularia and Aldruvanda species which 
do not occur widely should be protected 
because of their biological importance and 
limited distribution. 

Najas gramirm, a monocot that occurs 
densely in the swamps of Ranthambhore 
Tiger Reserve, forms a staple food for 
Sambars during dry months and needs 
thorough examination for nutritional 
value besides its protection. 

(vii) There is abundance of occurrence of algal 
flora in aquatic situation which is also a 
major component of planktonic flora. As 
bentic or bottom, flora Diatoms are ex¬ 
tremely important. 

Criteria for identification of Wetland 

Ramsar convention (convention of Wet¬ 
land of International Importance) has fixed some 
quantitative criteria for identifying wetland of 
importance to (i) water fowl, (ii) to plants and 


animals for (iii) assessing the value of represen¬ 
tative or unique wetland. A wetland should be 
considered of international importance if it 
(a) supports the appreciable number of rare, 
valuable and endangered species of plants and 
animals; (b) harbours endemic plant species; 
(c) maintains the genetic and ecological diver¬ 
sity of a region because of the quality and pecu¬ 
liarities of flora and fauna; (d) has plants and 
animals at a initial stage of their biological cycle. 

It is necessary to evaluate the wetland and 
marshes according to the criteria fixed b> 
Ramsar Convention. For w?’ *r fowl of interna 
tional importance, a wetlanu should have 10,(XX) 
ducks, geese and swam; or 10,000 coots; or 20,000 
waders and these should support 1% of indi¬ 
viduals in a population of 1 species or 1% of the 
breeding pairs in a population of one species of 
water fowl. These criteria put only a few areas 
under wetland. 

Aquatic avifauna vis-a-vis sites 

Diversity is the essence of aquatic birds. The 
story of aquatic bird isthestoryof waterdrainage 
and siltation. Man made ponds have only by¬ 
product value for such birds. These wetland sites 
are a living, dynamic entity and never static, 
always changing plankton and other vegetation 
have high nutritive value. 

More than one hundred aquatic birds, both 
local and migrants, visit the aquatic sites all over 
the country. Specific diversity is high in very 
many species. Many birds in their breeding 
season burst into activities to collect food mate¬ 
rial for their fledglings. Hundreds and thou¬ 
sands of species of vertebrates and invertebrate 
animals are collected by the breeding birds to 
feed their fledglings. Various predators prey 
upon the fledglings and the nature as per selec¬ 
tion made on the battle of survival of the fittest. 

Myriads of gramnivorous avifauna need wide 
aquatic Surface to waae and swim and they eat 
leaves, flowers, fruits, stems and roots of various 
aquatic weeds, phytoplankton and zooplankton. 

The requirement of some of the speci(» of 
birds are specific. It is needLss to mention vari- 
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ous species of waterben, crake, coot, lapwing, 
sand piper, shank, gull, tern, cormorant, dirter. 
Ibis, heron, egret, teal, goose, mallard, shoveller, 
pintail, white eye, grebe, crane, curlew, plover, 
jacan-na, slilt, snipe, skimmer, openbill, stork, 
spoonbill, paddybird, bittern, etc. and some rare 
and prized birds like flamingo and pelican are 
integral part of wetland. 

Aquatic communities in sub-alpine and 
alpine hills 

At high altitude there are insect associations 
on stagnant water lake, on fresh-water pools, on 
salt and alkaline water lake, on torrential streams 
and on hot springs. There are dearth of surface 
hunting species of the order Heteroptera and Co- 
leoptcra. Some high-altitude pools are of glacial 
origin. In torrents there are few species, but 
abundance of individuals. On the shores of lakes 
extensive association Collembola-Staphylinidae 
occurs. In hot sulphur spring few species occur 
(Diptera predominent). 

Communities in torrential streams are 

(I) Ephimerida-Plecoptera association, (II) Den- 
terophlebiidae-Blcpharoceridae-Simuliidae 
association, (III) Chironemedae consociation 
and (IV) Trichoptera consociation. Nos. (I) and 

(II) are submerged stone association. No. (I) 
association has five prominent genera, viz. Bac- 
tistron, Eidyurus, Capnia, Nemoura and Rhab- 
diopleryn. 

There are specific insect life on damp lichen 
and moss covered rocks, wet standing boulders, 
snow surface, under snow, edges of snow and in 
glacier creavasses. 

• Aquatic insects 

There are a variety and abundance of insect 
life in water. They slide and twirl across the 
silvery expanse of water. The abundance of 
damsel flies, may flies, caddis flies, dragon flies, 
and crane flies which form aquatic communities 
fall prey to the fish, toad and frog and avifauna 
population. Larvae of aquatic insects can thrive 
in hot spring, cold-gladal streams and on vari- 
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ous other types of waters. Other common insects 
of ponds and brooks are the back swimmer, the 
water boatman, the pond skater and the whirli¬ 
gig beetle. 

The drying up of a pond is a disaster to 
aquatic life. Some species can, however, endure 
by burying themselves in mud bottom and await 
return of water. Some diving bettles and water 
bugs are powerful flier and leave drought area 
when necessary. The importance of aquatic in¬ 
sects that form primary food of aquatic ducklings 
and insectivorous birds need not be stressed. 
These aquatic sites need identification and pro¬ 
tection. 

Aquatic animals 

The Gharial {Gavialis gangeticus), Water 
monitor (Varams sp.), the Mugger (Crocodylus 
palustris). Estuarine crocodyle (C. porosus), 
Gangetic dolphin {Platanista gangetica), Green 
turtle iChelonia mydas), Hawkbill turtle (Eretmo- 
chelys imbricata), Laggerhead turtle (Caretta 
carelta) and Leathery turtle (Dermochelys coriada) 
are already in the list of endangered species. 

Species of turtle and tortoises {Ceomyda, 
Kachua, Chiira, Testuda and Lessemys sp.) are 
fighting for their survival in the North Bengal 
districts and elsewhere for shrinkage of aquatic 
habitat. Very many species of invertebrates may 
be noted. 

Algae of inland waters 

The importance of algae is tremendous in 
aquatic environment. Myxophyceae play a key 
role in the hydrobiology of inland water. Some 
fix atmospheric Nitrogen and can be used as 
fertilizers in rice field. They can help to purify 
sewage and polluted waters. Diatoms grow on 
water poor in nitrates and rich in silica. Chloro- 
phyceae have many fish and invertebrates. Fil¬ 
amentous Zygophyceae such as Spirogyra forms 
floating net and pollutes water as they rot; they 
also contribute to biological purification in 
shallow water. A study of Salvinia auriculata in 
Cochin backwaters has shown that the following 
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groups of organisms are associated with it— 
Nematodes, Annelids, Copepods, Amphipods, 
Isopods, Ostracods, Deiapods, Insect Larvae 
Bivalves, Gastropods of fishes. 

Areawise distribution ofmangroveand estuarine 
forests are as under : Sundarban mangrove — 
4,18,888 ha, Mahanadi delta (Devi and Mahanadi 
estuaries—12,(XX3 ha, Krishna delta—5120 ha, 
Godavari delta—13304 ha. Gulf of Kutch man¬ 
grove forests—10,000 ha, Salsitte Island and 
Western Coast mangrove forests—62,208 ha, 
Kankinada back waters—33,000 ha. Western 
Coastal areas—52,616 ha. As such, barring Sun- 
darbans, the mangrove and estuarine forests 
extend over a very limited area and are very 
much disturbed. Bulk of these forests have been 
exploited and felled. Nevertheless, extensive 
research work has been done on the fauna of 
sandy shore, clayey shore, beaches and of inter¬ 
tidal benthic and pelagic zones. Pollutions have 
affected some such coastal and lagoon areas. The 
forests having no width and being of small 
patches are very much vulnerable to human 
depredation. 

Phytoplankton of Hooghly-Matla Estuaxy 

Blue-green algae (Myxophyta) distinctly 
predominate in Hooghly estuary while green al¬ 
gae (Chlorophyta) predominate at upper zones. 
Most important components are .diatoms. At 
least 50 species of diaton\s are common {Synedra, 
Coscinodiscus, Surirella, Melosira, Navicula, Dia- 
Iona, Lauderia, Biddulphia, Bac^laria are a few 
genera). Thirty species of Chlorophyta are com¬ 
mon (some of the genera are Pdiastrum, Clos- 
terium, Cosnmrium, Spirogyra, Eudorina, Chlorella, 
Zygnema, Ulotkrix, Volvox^Oedogordurn etc.). Of 
the 20 species of Myxopjhyceae Microcystis, 
Phprmidium, Nostoc, Oscillatoria, Anabaena, 
Lyngbya etc. are common genera. There are sea¬ 
sonal variations in the abundance of occurrence 
of various algae. 

Zooplankton of Hooghly-Matla Estuary 

Copepods constitute the bulk zooplankton 
even though rotifers and larval forms out num¬ 


ber them. Rotifers, protozoans and cladocerans 
are found in abundance in less saline areas. The 
pattern of fluctuations of zooplankton runs par¬ 
allel with phytoplankton. 

Common genera of fla^llates are Eugtena, 
Dynobryon, Ceratium, Phacus, Peridinium, Nocti- 
luca and Trachdomonas. Of the protozoa com¬ 
mon genera are Dijtugia, Bursaria, Vorticella, etc. 
Brachionus, Keratella, Trichocerca, Filinia, Hex- 
artha, Notholca and Ploesoma are common genera. 
Of the copepods, common genera are Diaptomus, 
Cyclops, Paracalamus, Microsetella, etc. Bosmina, 
Bosminopsis, Daphnia, Moina and Cerwdaphnia are 
common genera. 

Fish population of Hooghly-Matla Estuary 

More than 150 species of fish occur in this 
region. These are more than 150 bheris in re¬ 
claimed and embank^ land (3500 km^). The fish 
seeds are mainly of mullets, perches, threadfins, 
catfishes, prawns, carps etc. Fish production in 
India in estuarine in about 7000 M.T. aimually. 

Maximum catch is formed of prawn species 
viz. Bagda Chingri iPanaeus sp.), (IhapraChingri 
(Panaew sp.), Honye Chingri iMptapenaeus sp.), 
Chamme Chingri (Metapenaeus sp.), Golda 
Chingri (Macrobrachium sp.), Goda Chin^i 
(Palamon sp.) and Ghona Qtingri (Leander sp.h 
Other species which are common, consist of 
Bhetki (Lates sp,). Parse (MugH sp-), Bhangon 
(Mugil sp.), Nona Tengra (Mystas sp.), Gurjaoli 
{Elentheronema sp.), Chanda iScalophagas sp.) etc. 
Hilsa ilisha is pretty common in the estuary be¬ 
sides Clupeids, Bombay duck (Harpodon sp.) etc. 
Ribbon fish (Trichiurus sp.). 

Plant-animal relationship 

There are spedfiq interrelation between 
some plants and molluscs and Crustacea. For in-* 
stance, Aesiminea brevicuia prefers to live on trees, 
on leaves and on branches, Neritina depressa 
prefers trunks and lower branches, Martesia stri- 
ata,Banksiaedmond$oni andTa^edojuttingae pre¬ 
fer roots, trunks and subm^g^ branches. 
Generally Lfltortna mdNeritina are surface bur- 
rower. Above tidal level occur Telescoptum cer- 
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iihidea, Pyihk, Eilobium etc. Innumerable such 
examples can be died on estuarine and man¬ 
grove tracts. Of the plant Sonneretia apetala, S. 
acida, Avkennk sp. and Xylocarpus sp. should be 
protected from felling. 

Very little is known about Estuarine mam¬ 
mals and the ecology, but the effect of mud or 
. sediments in water is very much perceptible. 
Some of them arc rare. Their movement is 
guided by availability of food. Flesh of Plalanisla 
gangetica sp. is edible. 

Problems 

• ’.Calamities to the wetland sites have been 
brought by miscalculated and ignorant human 
activities-. The swamps have been reclaimed and 
brought under agricultural crop; various sites 
have been poisoned by retting of jute fibres, use 
of pesticides for eradication of mosquitoes and 
for drainage. 


Notes and news 


Special production agency lor 
scientific gadgets likely 

The Union government proposes tb set 
up a special agency to fabricate scientific gadgets 
for use in a broad spectrum of activities, includ¬ 
ing agriculture and defence. 

Chairman of the Science Advisory 
Council to Prime Minister C N. R. Rao said here 
that the agency would be part of a strategy to 
achieve rapid prepress in the area of instrumen¬ 
tation. infrastruetture facilities were incomplete 
in several scientiHc organisations and industry 
due to the paudty bf irustruments. 
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Indiscriminate shooting of birds have been 
done by hunters all over the country which has 
diluted the population of game birds. Many 
water-birds have been regularly trapped in the 
villages especially during bedding season, be¬ 
sides illicit collection of thousands of eggs and 
fledgling to provide delicacies in the restaurants 
of the cities. 

Unique aquatic sites like one in Tale valley in 
temperate hills of Arunachal Pradesh (near Zero) 
“Which arc like Sphagnum bog of the West have 
been converted into cultivated land. Cattle graz¬ 
ing in the swamps have diluted the species and 
their individuals. 

Plant and animal succession go parallel in 
many swamps. Some animals are manipulators 
of plant-succession processes. This chain has 
been disturbed. Turbidity in water has been 
detrimental to the growth of water plants, fresh 
and other aquatic animals. So the task to save the 
aquatic sites seems to be stupendous. n 


The Council had constituted a task force 
under the leadership of G. Venkalaramah of the 
Indira Gandhi Centre for Aton\ic Research at 
Kalpakkam near Madras to prepare a st^s 
report on the instrumentation industry an^fo 
make recommendations on improving the in¬ 
dustry, he said. 

The task force, in its report, had sug¬ 
gested a crash programme and a long-term stra t- 
egy to develop the industry. 

Under the crash programme, it had 
idenified some important instruments that 
should be manufactured immediately for appli¬ 
cations in education, defence, medicine, environ¬ 
ment and industry, C. N. R. Rao said. 

It had recommended the creation of a 
special production agency on the lines of the 
Centre for Development of Telematics (C*DoT), 
with considerable flexibility and autonomy. 
"There could be separate wings to cato" to the 
instrumentation requirements of the various 
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sectors. However, there must be complete stan¬ 
dardisation across the board" 

Rao said the task force had said the 
agency should be given "sufficient guarantee" 
that its output would be lifted. The Union 
government must curb the import of models 
comparable with those available indigenously 
and provide adequate price support in addition 
to market assurance. 

The task force said the Indian Institute of 
Science here would be a good choice to house the 
research and development (R and D) cell of the 
proposed agency. 

The cell should carry out system design 
and ultimately ensure that a technology package 
was evolved. 

It said the government should earmark 
at least one to two per cent of the anticipated plan 
expenditure on instruments and control systems 
for R and D every year. 

In the long-term strategy, the task force 
suggested creation of a chain of hi-tech indus¬ 
tries which would produce various items from 
components through sub-systems needed in 
sophisticated instruments. The government 
must also declare instrumentation as a "crucial 
area" for development and extend to it the special 
treatment given recently in the case of electron¬ 
ics. 

Listing various factors inhibiting the 
growth of the instrumentation industry, the task 
force said instrument manufacture could be 
made a profitable venture through a bold and 
imaginative fiscal policy with incentives to the 
industry. The private sector must bo allowed to 
meet some of the requirements of defence in the 
area of hi-tech instruments and sub-systems. 

The report listed ways to develop hu¬ 
man resources to make the suggested pro¬ 
gramme a success. It said facilities like the Indo- 
Swiss Training Centro (ISTC), Chandigarh, 
should be established for imparting training in 
areas like optical engineering and UHV tech¬ 
nology. 

Other measures suggested by the report 
included short-term courses for school and 
college teachers in instrument maintenance, 
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training of personnel in the maintenance of hos¬ 
pital and medical instruments and regular train¬ 
ing camps for small scale entrepreneurs who 
would form the "backbone" of the proposed 
thrust programme. 

The task force also recommended the 
establishment of a special dirccl^ratc to monitor 
the R and D, oversee the linkage of R and D with 
industry and assimilation and updating im¬ 
ported technology packages. The Government 
must also ensure continuous monitoring of the 
proposed strategy and make midcourse correc¬ 
tions when required. 

'The broad objective should be to 
achieve strong capability in base technologies 
like precision engineering, fibre optics and sen¬ 
sor technology so that a wide range of instru¬ 
ments from computer controlled analytical in¬ 
struments to complex, mul ti-technology defence 
systems (like those for thermal imaging) are 
availabc indigenously within, say, 10 years’, it 
said. p 

Economics Times 


Need for a laAv of the atmosphere 

A group of international scientists have 
called for immediate specific actions to reduce 
the threat of global warming of the atmosphere, 
which they believe will inevitably lead to faster 
rates of climatic change and greater exposure to 
flooding that ever experienced before in human 
history. 

The scientists released a report on Juno 6 
based on the findings of two international work¬ 
shops held last year under the sponsorship of 
several funding agencies, including the United 
Nations Environment Prograrhme, the Beijcr 
Institute in Stockholm, the Enivronmental De¬ 
fence Fund in New York and the Woods Hole 
Research Centre in Massachusetts. 

The workshops, each involving scien¬ 
tists from between 10 and 15 industrialised and 
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developing countries, examined how a pre¬ 
dicted warming of the Earth's surface caused by 
the accumulation of certain gases in the atmos¬ 
phere, the so-called "greenhouse effect", could 
affect the global environment over the next cen¬ 
tury. The scientists also explored near-term 
policy steps that should be taken to counter the 
effects of climate change. 

According to M. Oppenheimer, a scien¬ 
tist with the Environmental Defence Fund, 
global temperatures have already increased by 
nearly one degree centigrade during the last 
century owing to increased atmospheric concen¬ 
trations of gases such as carbondioxidc, meth¬ 
ane, nitrous oxide and more recently manmade 
chlorofluorocarbons, chemicals that have also 
been blamed for the depletion of the Earth's 
protective ozone layer. 

According to a recent article in the scien¬ 
tific journal Nature, the 1980s have so far ac¬ 
counted for the five warmest years in the history 
of global measurements. 

"And there arc scientists who argue that 
the already emitted gases have built in between 
a half degree and a full degree centigrade of 
warming that will manifest itself over the next 
few decades no matter what we do", Oppen¬ 
heimer said. "So from that perspective it is al¬ 
ready too late to prevent global warming. We 
should have begun action some time ago". 

According to the scientists each mole¬ 
cule of carbondioxidc, produced by the burning 
of fossil fuels as well as natural processes, stays in 
the a tmospherc for an average of about 100 years 
before being reabsorbed by plant life or other 
means. Chlorofluorocarbons, the manmade 
chemicals used in such things as acrosojs, refrig¬ 
eration and aircondilioning, also stay in the 
atmosphere for about 100 years before disap¬ 
pearing. 

The new study calls for immediate re¬ 
ductions in emissions of carbondioxidc and chlo- 
rofluorocarbons as ' two of the most powerful 
ways to slow down global warming". 

For the reason, Oppenheimer said, the 
scientists are calling for the ratification and 
strengthening of the Montreal Protocol for pro- 
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lecting the stratospheric ozone layer and the 
acceleration of its implementation. The protocol 
is an international accord signed last year to 
reduce the use of chlorofluorocarbons by 50 per 
cent by 1999. 

"Wcarc also calling for the development 
of long-term energy strategics which encourage 
high-energy efficiency", Oppenheimer said, 
"Several authoritative studies suggest we could, 
with current technologies, cut our energy use in 
half. We must also intensify research and 
development in non-fossil-fucl alternatives. 

Oppenheimer also called for measures 
to limit the growth of other greenhouse gases 
contributing to the greenhouse effect, such as 
methane, "For example, we should tap the meth¬ 
ane from solid-waste landfills which now just 
goes up into the atmosphere", he said. "Methane 
from solid-waste landfills is a significant con¬ 
tributor to the growth of this greenhouse gas in 
the atmosphere". 

Other near-term actions called for by the 
study include identification of areas vulnerable 
to sea-level rise, co-ordination of global monitor¬ 
ing activities and scientific research on the green¬ 
house gas issue at national and international 
levels and examination by international organ¬ 
isations of the need for an agreement on a law of 
the atmosphere as a "global commons" or the 
need to move towards a protocol along the lines 
of that developed for ozone. 

The new study reports that the contin- 
ucxl emission of greenhouse gases at today's lev¬ 
els, with no action taken to curtail the rate of 
emission, could lead to an increase in global 
temperature of 0.8 degrees centigrade per dec¬ 
ade from the present to, the middle of the next 
century. 

This kind of global warming according 
to the report, "could accelerate the present sea- 
level rise possibly as much as 1.5 metres by the 
middle of the next century. The effects will 
include erosion of beaches and coastal margins, 
increased frequency and severity of flooding, 
damage to port facilities coastal structures and 
water management system". 
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The report said global warming over the 
next centuiy could also decrease levels of pre¬ 
cipitation in the semi-arid tropical regions of the 
world, thus woreening current aitical problems 
such as thfe shortage of food, water and wood for 
fuel. 

Many scientists argue, however, that the 
effects of the greenhouse gases on the atmos¬ 
phere are overestimated and that the warmer 
temperature experienced during the last decade, 
for example could be due to other climate vari¬ 
ations.—USIS □ 

The Hindu 


Normal rain predicted 

The Indian Meteorological Department 
(IMD) has predicted normal rainfall in north¬ 
west and peninsular India during the monsoon 
with a 10 per cent shift on either side. These arc 
the two regions of the country where monsoon 
rainfall exhibits considerable inter-annual vari¬ 
ations. 

The peninsula includes Maharashtra, 
Gujarat, Madhya Pradesh, Tclengana, north in¬ 
terior Karnataka, coastal Andhra Pradesh and 
coastal Karnataka and the north-west India re¬ 
gion comprises Jammu a|^d Kashmir, west Uttar 
Pradesh, Haryana, Punjab, Himachal Pradesh, 
Delhi, Chandigarh and Rajasthan. 

The IMD has used the same technique of 
statistical correlations —which it had used and 
made qualitative predictions last month of early 
onset of monsoon and above average total rain¬ 
fall for the country as a whole for the year 1988— 
for quantitative long-range forecasts monsoon 
rainfall over the two regions. 

Two different models, the Multiple 
Regression Model (MRM) and the Auto Regres¬ 
sive Integrated Moving Averages (ARIMA) 
model, were used for computing those quantita¬ 
tive estimates. According to the former there is 
an 80% chance that the season’s rainfall would bo 
111% of the normal over the Peninsula and 123% 
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of the normal over the North-west. The latter 
predicts 103% and 95% rainfall in the two re¬ 
gions. From the long-range monsoon forecasts of 
the two models over the years, there is evidence 
to indicate that the ARIMA perform better than 
the MRM. Hence the IMD has attached more 
weightage to the forecasts of the ARIMA mode. 
Probabilistic computation'. The MRM performs a 
purely probabilistic computation of the total 
rainfall based on the nature of the antecedent 
meteorological features in various parts of the 
world which have been found to have statistical 
associations with monsoon rain from its past 
history. 

The ARIMA on the other hand, goes a 
step further and attempts a mix of deterministic 
and probabilistic techniques. Briefly stated it 
seeks to express the time scries—a statistical 
technique which simulates obtaining data at 
regular intervals of time—of a meteorological 
variable as a combination of a part that is deter¬ 
mined by past history and a random sequence of 
shocks or sharp variations which are imposed 
over and above. 

The success of the ARIMA model de¬ 
pends to a large extent, therefore, on finding a 
suitable'leading indicator'. A "leading indicator" 
is that variable—of the several identified antece¬ 
dent factors—^which modulates the behaviour of 
the time series. 

V. Thapliyal of the Indian Institute of 
Tropical Meteorology (IITM), Pune, who has 
studied the ARIMA method extensively, has 
found that the pressure ridge along 75** E longi¬ 
tude at the 5{X) millibar level (about 5.8 km high) 
is the leading indicator. A favourable condition 
of this fccituro is that its mean position in April 
should be at about 16 latitude. 

Among the 15 parameters identified for 
this year's computation this particular one has 
been found to be somewhat unfavourable. It was 
found to be anchored somewhere around 14.5 
latitude. Though this is the leading controlling 
factor, this deviation is considered minor. □ 

The Hindu 
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Profile of the Guha Institute of Biochemistry 

The Guha Institute of Biochemistry has 
been promoted by the ex-students and admirers 
of the late Bires Chandra Guha, the founding 
father of Biochemical Research and Education in 
India, aptly described as the 'Hopkins of India’, 
as a fitting memorial to this outstanding scien¬ 
tist, teacher and revolutionary thinker, pioneer 
and patriot, whose wide intellactual spectrum 
and dynamism profoundly influenced scientific 
life and thought in this country for over a quarter 
of a century. The objects of this Memorial Insti¬ 
tute as set out in detail in the Memorandum of 
-Association, cover broadly all aspects of promo¬ 
tion and advancement of research, training and 
education in Biochemistry and allied sciences, 
nationally and internationally. 

The Institute Office has been located in 
the residence of Guha, given away with his life's 
savings by him and his illustrious wife Phulrenu 
Guha, Member of 'Parliament for the advance¬ 
ment of Biochemistry and allied sciences. The 
Institute which is run by a Governing Body 
composed of eminent scientists of India is ar¬ 
ranging to hold national/intemational Seminars 
and Workshops covering modern biochemistry, 
biotechnology and allied fields from time to time. 

A Master Plan for the Iristitute on its 
own campus in the Sait Lake areas of Calcutta al¬ 
lotted by Govt, of West Bengal is being dmwn up 
for phased implementation, depending upon the 
availability or resources. Capital and recurring 
grants for the purpose are being arranged from 
Central and State Government Departments 
concerned and donations from benevolent pub¬ 
lic/charitable trusts, other organisations and 
individuals are being invited. Ex-studeiits and 
others interested in Biochemistry and in the ob¬ 
jectives of the Institute are requested to join the 
Institute as members, paying an annual sub- 
scriptionof Rs. 100/- w 1/000/- for life m6mter- 
ship. ITte first phase of development, hopefully 
expected to be implemented in about three years, 
may entail expenditure of over Rs. 10 cror^ for a 
period of 5 years including building, infra-struc¬ 
ture facilities as well as scientific and administra¬ 


tive staffs. Donations are expected to qualify for 
exemption from Income Tax. 

All communications/remittances may 
please be addressed to D. K. Chaudhuri, Mem¬ 
ber-Secretary, Guha Institute of Biochemistry, 
55/5, Purnadas Road, Calcutta 700 029. n 


Programme to bring native wildlife home 

The biblical Book of Job offers the reader 
some of the most perceptive observations of 
wildlife made during antiquity. Job's descrip¬ 
tions of ostrich behaviour, wild-ass habitat, ib^ 
birth and oiyx antelope domestication are but a 
few of the great animal-love treasures to be 
found in this revered book of Scripture. Job, of 
course, was not alone in commenting upon the 
animals of ancient Israel. David, the psalmist 
who was to become king, enjoyed the beauty and 
variety of wildlife. And so he wrote in 
wisdom hast thou made them all!" David 
passed some of this appreciation on to his son, 
Solomon, who later wrote one of the most ap¬ 
pealing verses of the Bible; "Deliver thyself, as a 
gazelle from the haitd of the hunter and as a bird 
from the hand of the fowler". 

Unfortunately, many of the birds, ga¬ 
zelles and other wild animals of Israel were not 
so successful in avoiding hunters or trappers. 
The introduction of modem firearms into the 
Middle-East during the 19th century was par¬ 
ticularly devastating and several inhabiting the 
Holy Land since Noah's time were literally shot 
into extinction. When the modem State of Israel 
was proclaimed in 1948, the land was barren and 
wild animals of any type were extremely rare. 
Since then, however, an ambitious programme 
has revitalised thecountiy. Very strict conserva¬ 
tion laws, combined with active protection and 
restoration campaigns, have resulted in dra<- 
matic improvements. Today, Israel has ixwre 
than 200 nature reserves, occupying 20% of the 
country's total land area. Wildlife is well pro¬ 
tected, generally compatible with agriculture as 
well as human settlements. Nearly three dozen 
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Icjopards are living free in Israel. The wolf popu¬ 
lation is about 500, ibex population almost 3,000 
and the gazelles stand 10,000 strong. Israel also 
hosts populations of caracal, eagles, foxes, hye¬ 
nas, jackals and many other species. Because 
these animals are not hunted, they have little fear 
of human beings. Thus, it is entirely possible to 
stand within 3 m of magnificent ibex as they 
roam their native habitats in the Judean Hills. 
Golden eagles have been nestling in Jerusalem 
for several years. When one considers that Israel 
(excluding the West Bank and Gaza Strip) is no 
larger than the State of New Jersey, these wildlife 
population figures are very impressive. Just 
imagine what would happen if 30 leopards were 
let loose around New Jersey ! Or even 500 
wolves! 

As a general policy, Israeli.farmers are 
responsible for protecting their crops without 
destroying wildlife. So hunting, poisoning and 
trapping campaigns are prohibited. Instead, 
farmers are encouraged to build proper fances to 
keep gazelles out of their flocks of goats and 
sheep. When occasional problems arise, farmers 
call experts from the Israel Nature Reserves 
Authority, who instruct them in techniques of 
protecting agriculture without harming wild¬ 
life. This strong protectionist attitude is not 
enough. To compensate for the tragic losses of 
former centuries, Israel is conducting a Hai-Bar 
(literally wildlife) programme—a major effort to 
restore the animals of the Bible to the Land of the 
Bible. To do this, Israeli wildlife biologists search 
the world for their country's wild animals—wild 
ostriches were located in Ethiopia, roe deer were 
found in a private Dutch shooting reserve, addax 
antelope were discovered in a Chicago zoo. 
These anin^ls are then acquired and flown back 
to Israel, where they are brought to specially 
equipped nature reserves. Nearly all of Hai-Bar's 
animals have come from private reserves, safari 
parks and zoos and nearly all of them are quite 
tame. If released into Nature, they would be 
qul^y killed off by predators or the harsh envi¬ 
ronment. At Hai-Bar, they gradually learn to 
thrive on natural foods; they are encouraged to 


organise themselves into natural herd struc¬ 
tures, are taught to sharpen their senses and be 
aware of lurking predators. A Hai-Bar antelope 
finally learns to ignore humans wandering about 
their habitat, but if wolves are detected, the herd 
gathers for mutual protection and prepares for a 
vigorous defense. This education process takes 
many years of very hard and technical work. For 
example, Hai-Bar acquired its first Asiatic wild 
ass in 1968 from the Copenhagen zoo. It took 14 
years of work until these docile and insensitive 
creatures became tough enough to be released 
into the desert. At the end of their education in 
1982, the first herd released into the Central 
Negev Desert proved alert and hardy enough to 
survive in an extremely hostile environment— 
120'’F temperature, precious little water and the 
company of hungry leopards and wolves. Yet 
tliis is the wild ass's natural habitat and properly 
re-adapted these animals have flourished in their 
ancestral range. And now, each summer, new 
hards of wild ass are "seeded" into the desert. 
Today, wildlife enthusiast visiting the Negev can 
see these rugged and unbridled equines running 
freely in a desert. After watching them for a 
while, it is easy to understand why the prophets 
considered them symbols of fre^om. Surely, 
they are different animals than their cousins 
locked in zoo paddocks. 

Many other species are also undergoing 
the Hai-Bar restoration process. Some are re¬ 
turned to Israel in dramatic rescue operations. 
The biblical fallow dear, now browsing the oak 
forests atop Mount Carmel, were airlifted out of 
Iran in December 1978 after the Shah had abdi¬ 
cated and anarchy ruled the streets of Teheran. 
The spectacular white oryx antelope—the uni¬ 
corn of the King James version of the Bible— 
came from the personal stock of the late Saudi 
monarch Faisal via third party! 

As wild animals are being restored to 
their natural habitats, conservationists are ob¬ 
serving many new benefits. Israeli farmers now 
appreciate having falcons, owls and other birds 
of prey neating nearby because they keep rodent 
popuiations in check naturally without restoring 
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to cruel poisons. Ecologi^ aj^edate th^ im- 
provements, because it means idl tite oto 
mechanisms of Nature are in harmony. No large 
populations of leopard or wolves can exist wi&- 
out large populations of prey heibivore animals. 
These cannot exist without impoliuted water, 
adequate habitat and vegetation. The entire in¬ 
frastructure must be in place to support fully 
d 3 mamic wild populations. The general public 
too appreciates the improvement. More and 
more Israelis are visiting nature reserves 
today—partly because of the sheer delight of 
vievdng gazelles bound over grassy meadows, 
and ibex leap upon craggy mountains. More sig¬ 
nificantly, however, Israelis have come to appre¬ 
ciate the wholesome values of Nature and the 
vital need to re-integrate the human community 
into a better relationship with Nature and her 
wild children. Indeed, this ^ a very old lesson^ 

Consider : "I said from my heart.that mean 

also are animals. .»What happens to man, also 
happens to animals. As one dies, so dies the 
other. They share one breath, and man has no 
pre-eminence above an animal" (Ecclesiastes 3: 
18,19). □ 

News from Jsrod 


Taming the wild south 

Thirty-seven countries met at Welling¬ 
ton in New Z^land this week, to set up a legal 
framework for mining in Antarctica. New Zea¬ 
land, whose land claim in Antarctica is fhce of ice 
and can be exploited by miners using existing 
technology, has abandoned attempts to declare 
the continent a park. It says that a legal frame¬ 
work is necessary before mining begins to ensure 
that future excavation work is "environm^tally 
acceptable". 

The Antarctic Treaty of 1959, the only 
. legal regime covering the contin^t provides 
nether lor environmental protection nor for 
yOLHNO.6 


privlfe^ti, Pro$pectiveminer8,itidtid%^ 
governments of the United States, Brit^ Wmt 
Germany aiid|apan,opposeany regulation, tha 
Antarctic Soutii^ Coition, a group of envir 
ronmentaUsts, says that the absence oflegal pro¬ 
tection for mining companies is now the biggest 
barrier to mineral exploitation of Antarctica. It 
says that any miner^ regime will open up die 
continent to devastation. Q 

NewSdenti^ 


Burning to germinate 

Forest fires in Uganda are helping the 
Savanna tree. Acacia sieb^na, to survive. The 
tree survives in the Queen Elizabeth National 
Park, Uganda, by producing large numbers of 
seeds. Most of these fail to germinate, if they 
simply fall to the ground because up to 96% are 
infested with larvae of bruchid beetles. 

In the past, browsing animals ate the 
pods. As the s^s passed through an animal's 
gut, the seed-coats were softened and this killed 
the bruchid larvae. However, poachers have 
killed a large number of browsing anin^ in the 
area resulting in fewer Savanna trees. This has 
also led to much more intense forest fires. 

E. N. Sabiiti and R. W. Wein of the Uni¬ 
versity of New Brunswick have found that 65% 
of Savanna tree seeds taken from burned areas 
germinated in the laboratoiy compared with 
10% from unbumed areas. The difference be¬ 
tween the two samples is due to fheoffect of heat 
on the seeds from the burned arca^ihd not due 
to the changes in soil conditions caused by tlu^ 
fires. The heat cracks the seed-coats and kills the 
bruchid larvae. This produces much the same 
result as a passage through an animal's gut. So 
the Ores, which are almost all started by humane 
are to some extent oompensattttg for the lack of 
browsing animals. Q ' 

NemSeimH^ 




Letters 
to the editor 


Effect of high hydrostatic pressure 
on cell cycle 

Hydrostatic pressure markedly, influ¬ 
ence rates of reaction^ Any rate process is further 
influenced by the viscosity of the medium. The 
cell size is directly related to protoplasmic vis- 
cosi ty^. The ra te of flow, used as a criterion for the 
activity of protoplasm streaming, depends on 
the viscosity of the protoplasm. Fora chemically 
complex substances like protoplasm, the de¬ 
pendence of the viscosity on the pressure is ex¬ 
tremely sharp. It is mainly due to the deforma¬ 
tion of molecules. The observed pressure vari¬ 
ation of the coefficients of viscosity tj can be 
written in the form 


Tr* = cxp 



where is the maximum limiting viscosity 
(i1m»'n )/ is the free activation energy for 
viscous flow (cell characteristic), AV the increase 
in volume, T the absolute temperature and R is 
the gas constant. As the pressure increases, rela¬ 
tive viscosity decreases. From the theory of rate 
processes^ one gets 



volume increase in going from the folded, globu¬ 
lar form to the activated state for flow of the 
fibrous gel state. 

The above equation shows the depend¬ 
ence of pressure on the coefficient of viscosity. 
The pressure and temperature aje interested in 
the sol-gel status of a protoplasmic gel, i.e. as the 
pressure is increased the temperature must be 
raised to maintain the prepressurized degree of 
gelation. A gel has some rigidity and eSsticity. 
The viscosity of gel material is intimately con¬ 
nected with the shear modulus and hence with 
the modulus of elasticity. A linear relationship 
can be found between rigidity and elasticity for 
many materials but this is not necessarily true for 
protoplasmic gels as the viscosity has some rela¬ 
tionship with the elastic properties of protoplas¬ 
mic gels. (The structural strength and other 
physical properties of such gels may vary from 
cell to cell but, in general, they all have the same 
general characteristics). The rigidity of the cell as 
a whole increases before the onset of cytokinesis* 
but since the rigidity of the cortical plasmagelis 
reduced by pressured, the cleavage furrow will 
cease to grow inward or will even recede, de¬ 
pending on the degree of solation and thus the 
process of coll division may be retarded, pre- 
ventcxl or oven reversed. (The cortical plasmagel 
becomes firmer in consistency just before the fur¬ 
row appears and remains so during its inward 
growth. The gelation of the protoplasm is ah im¬ 
portant factor to produce the furrow®). Cytoplas¬ 
mic cleavage is found to be more susceptible to 
inhibition by pressure®. Under the influence of 
pressure, viscosity and rigidity thus play pre¬ 
dominating factors limiting the process of cell 
division. 


N is the Avogadro number, h the Planck's con¬ 
stant and V the niolal volume of flowing unit. 
From equations (1) and (2), one gets 

11=-^ cxp("^£iV). (3) 

where AH„ « AH^+AH’^ AV »AV + AV, AH, and 
AV are respectively the free-energy increase-end 


Pressure has been shown to retard, pre¬ 
vent, or even reverse the furrowing of various 
egg cells according to the amount of the pressure 
and the stage of division^. If the cells that are 
normally spherical (for example, Arbacia eggs) 
are pressurized during the process of division 
when the cells have become elongated, return to 
the spherical condition again under pressure®. 
Growth of some marine bacteria without cell 
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division has been reported under increased pres¬ 
sure*. Under 200-atm pressure at room tempera¬ 
ture, the spindly appears to dissolve completdy 
and the chromosome movement is profoundly 
retarded. The relative viscosity of Amoeba is 
found to decrease with hydrostatic pressure*. 
The relative viscosity of cytoplasm in the ciliate 
Blepharisma at 200 atm was measured'® and a 
significant decrease was noted. If the viscosity 
drops below a certain critical value, cell division 
ceases. Certain upper and lower limits to the 
pressure and temperature effects are noted*, 
above or below the limits, the binding compo¬ 
nents of the gel are destroyed (the limitations, 
however, depend on cell type) and these condi¬ 
tions prevent any reversible solation or gelation. 
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Pressure solation structures in Phima 
carbonate rocks (Late Pzccambrian), 
Karnataka 

The Bhima basin in nordi^ part of 
Karnataka is irregular in outline, extends 
between long 76’ 15' fb 77® 30' and lat 16’ 15' to 
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IT** 35'and covering an area (if4,200aqktn. Tlve 
rock sequencrisrepresented by ateiost unmeta- 
morphosedlatePrecambrian sedimentary 
spread over parts of Bijapur andGidbarga diS' 
tricts. Hie sequence rests on the basement^ 
gneisses and the Dharwars with a prcmounced 
unconformity' and are overlain by the Dewan 
traps. The Bhima sequence con^sts of sand- 
stcmes in the tower part, lim^tones and shales in 
the middle and upper parts. This rock sequence 
as a whole does not appear to have any contact 
with the Proterozoic Kaladgi and Badami sedi¬ 
ments which lie close to the western part of the 
basin. 

The stratigraphy of the Bhima group 
was first described by Bruce Foote' who named it 
as the Bhima Series. He correlated them on the 
broad lithological aspects with that of Kumool 
and divided them into lower and upper series. 
Later Mahadevan^ proposed a three-fold classifi¬ 
cation based on s^imentation and lithology. 
Janardhana Rao et aP. have reclassified this series 
and identified the five formations representing a 
sequence of strata whose lithology changes in 
regular order from base to top, but is persistent 
laterally. They redesignated the Bhima Series as 
Bhima Group. 

The chief lithological units of this group 
are the conglomeritic quartzites, shales and lime¬ 
stones. The outcrops of carbonates spread over 
2000 sq km* of the total area of 4,2(X} sq km, Ihe 
rest of the area is covered by shales and sand¬ 
stones. 

The caitx)natcs have been influenced by 
the pressure solution phenomenon, resulting in 
the development of both macro and micro scale 
stytolites. The occurrence of stylolites is signifi¬ 
cant, interesting and quite important in under¬ 
standing the s^imentotogic and diagi^c as¬ 
pects. The stylolites in the Bhima group were 
first reported by Mathur and Jayaprakash*^ from 
the middle Bhima carbonates. However, the 
present account is the first detailed report of 
these structures from the Bhima carbonates^^ 

Recently, the authors in the course of e • 
detailed investigation in parts of Bhima bf^lin . 
have come across stytolites of diffnent types arid 



forms with variabl^mplitude and wave length. 
These stylolites at^ occurring parallel to flie 
bedding and fractnee planea, although vertical 
stylolites are not uncomfnc^. The abundance of 
macro- and micro-stylolites in Bhima carbonate 
rocks can be broadly classified into horizontal 
stylolites, which are parallel to the bedding 
planes, the vertical stylolites roughly perpen¬ 
dicular to the bedding, having simple and suture 
types are found to have developed in the fracture 
planes. These structures reflect the probable 
tectonic influence over the area. 

The stylolites have been classified by 
Park and SchoP based on geometrical aspects 
into six types. They are, (i) Simple wave-like 
type, (ii) Suture type, (iii) Up-peak (rectangular) 
type, (iv) Down-peak (rectangular) type, 
(v) Sharp-peak type and (vi) Seismogram type. 

The authors have studied in detail the 
stylolites of Bhima sediments which are corre¬ 
lated with the patterns of Park and SchoP. It has 
been found that there are a few more styloljte 
patterns not reported earliea* These structures 
are abundantly de\^loped in the dolonutic lime¬ 
stones, although they are generally developed in 
all the carbonate rocks, 'nwyareofbothmaao- 
scopic and microscopic scales. Based on thegech 
metric aspects, involving wavelength, an^li- 
tude and orientation with reference to the bi¬ 
ding they are described and classiBed as follows 
(Fig. 1): 


(1) Suture type. Suture-ridge type, 

(2) Simple wavy/undulatoiy type, 

(3) Up Sharp-peak type, 

(4) Down Sharp-peak typa 

The development of both horizontal and 
vertical types of structures, the variability of new 
patterns, besides a thin film of clay capping on 
both sides of the structures supports the idea of 
solution pressure theory under the influence of 
tectonism during the diagenesis of these sedi¬ 
ments. The occurrence of fractures-rfaults and^ 




Fig. 1. Pressurt solution structures in Carbonate rode# 

the development of cleavages are probably due 
to tectonic activity in the area. 
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Inherent status of biochemical constituents 
and adventitiotts rooting in Pyrus pyrifolia 
Burm. 

In addition io the natural and synthetic 
auxins, there are some other biochemical con¬ 
stituents which are dlregtly or indirectly associ¬ 
ated with rMzogeneSis in fruit plants.. However, 
variable correlations have been established be- 
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tween endogenous plant n'tctabolitcs and root- 
hig response of cuttings*. The present investiga* 
tion Was undertaken in cv. Sandpear iPyrus 
pyrifolm Burm.) to study the relationship be¬ 
tween inherent biochemical constituents and 
adventitious rooting under the influence of in¬ 
dole-butyric acid (IBA) treatments. 

Hardwood cuttings of pear, 18-20 cm 
long and 0.8-1.0 cm diam were prepared during 
December, 1984 and were treated with 0,50,100 
and 200 ppm IBA (24 h soaking); 500,1000,1500, 
2000 ppm IBA (30 sec quick-dip) and Scradix Bj 
(powder form of IBA). In all, there were nine 
treatments with three replications. In each treat¬ 
ment, thctc were 50 cuttings. After growth- 
regulator treatments, the cuttings were stored in 
moistsand at a temperature between 6® and 10°C 
for 30 days for callus formation. For the estima¬ 
tion of carbohydrates, total phenols and total 


TABLE 1: Changes In biochemical conatftuenitlnfmtf- 
cutt{ni^(Cr.Ban4pe*r)dintngcalb>^g . 

Treat- Root- Starch Total Tdtal C/N Total 

Uienls Ing sugara Nitro- ratio phenoli 

success gen 

W (mg/g) (mg/g) (mg/^ 

IBA (ppm) 


0 

20.1 

24.2 

10.6 

14.8 

23 

15 

50 

31.0 

20.3 

18.2 

13.4 

23 

2.0 

100 

41.1 

19.3 

203 

11.8 

33 

2.2 

200 

31.5 

19.7 

17.0 

12.8 

2.8 

22 

500 

27.0 

18.3 

m 

14.1 

2.5 

1.9 

IIXX) 

24.0 

18.8 

16.9 

15.1 

23 

1.9 

I51X) 

.13.9 

19.6 

18.0 

12.9 

2.9 

2.1 

21K)0 

36.0 

20.2 

17.2 

12.3 

3.0 

2.1 

Scradix-B, 

27.4 

18.0 

16.4 

12.6 

2.7 

1.9 


= -0.29 

r,.= + 0.79 

r,.= -0.83 

= + 0.97 

r,,= -0.86 



nitrogen in the cuttings standard methods were 
followed^. Thcse*constituents were determined 
from the fresh as well as after 30 days of storage 
of cuttings. Thecuttings were transplanted in the 
field during January, 1985. Correlation coeffi¬ 
cients (r) between rooting and different charac¬ 
ters were worked out. 

The initial biochemical constituents in 
the fresh untreated cuttings were as follows : 


pear cuttings^ of cv. Williams. In later studies, 
very little rooting was obtained in different pear 
cultivars with 5(X) and 10(X) ppm IBA applica¬ 
tion®. This variation in dose response may be 
attributed to the differences in variety, timed, 
preparation and physiological status of ^tting|. 

Maximum rooting success of 4l4^ 
correlated with the higher total sugars; C/N ratio 
and total phenols. Theuntreated control cutting 


Starch(28.2 mg/g), total phenols 2.2 mg/g), total 
nitrogen (10.2 mg/g) and C:N ratio (4.0). The 
data on rooting success and its relationship with 
biochemical constituents after 30 days of callus¬ 
ing arc presented in Tabic 1. 

Among the 24 hr soaking treatments, 1(X) 
ppm IBA gave the maximum rooting success of 
41.1% and it was recorded to be minimum 20.1 % 
in untreated cuttings. In earlier studies®, 100 
ppm IBA gave 3().0% rooting success in pear 
cuttings. In case of quick-dip treatments, 2000 
ppm IBA produaod 36.0% rooting whieh was 
significantly betted than the success obtained 
with 500and 1000 ppm concentration. Scradix B, 
(powder foi*m of JBA) was not superior over 
solution form of iBA hi inducing roots in cut¬ 
tings. Previous studies reveal that lOQOO ppm 
IBA in powder form or 5000 f^msohitioh mth 
qukk-dip nnothodgayc sanw fOOtin|^.itiCa^jlnV 


with the lowest rooting success of 20.1% percent 
were correlated with maximum starch and low¬ 
est total sugars, total nitrogen, C/N ratio and 
total phenols. It is also clear that except total 
nitrogen (r, ^ = -0.83)and starch (rjj *-029),aIl 
other biochemical constituents showed poative 
correlation with the rooting of cuttings. The re¬ 
lationship between C/N ratio and total phenols 
with the rooting of stem cuttings in different 
plant species has been establish^ earlier®' ‘. It 
has been reported that high C/N ratio favoured, 
the fhizogenesis. The increased level of pheno- 
lics might ha veaugmenled the endogenous level 
of lAA due to its synergestic effect which im 
creased rootingofeuttingsina widerangeof hor-, 
ticultural plants^ However, a casual relatiqnf 
ship between the decreasing level of starcH^I 
total nitrogen with the increasing 
.rhizogs^ests could not be €stabllitii^< 



observations were noted in case of peach x al¬ 
mond hybrid cv. Sloh*. 

It appears that solution form and 24 hr 
soaking treatments of IBA were superior to its 30 
sec quick dip and powder form in inducing roots 
in pear cuttings. IBA application did influence 
the metabolic events. The rhizogenesis was hav¬ 
ing a positive correlation with total sugars, C/N 
ratio and total phenols, while total nitrogen and 
starch were negatively correlated with it. 
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Senescence of detached fern leaves: 
effect of light, hormones and protein 
synthesis inhibitors 

Senescence in detached leaves has been 
extensively investigated in higher plants*' 
Recently, some preliminary data on the charac¬ 
teristics of leaf senescence of fern, a lower group 
of plants, have been published from our labora- 
toiy. The present work aims at examimng the 
responsesof excised fern leaves to light, different 
types of hormones and the inhibitors of nucleic 
acids and protein synthesis. The differential be¬ 
haviour of fern leaves during senescence to these 
agents is analysed. 
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Fully expanded fern (Ndiphrol^ exal- 
tata Schott.) leaves collected from a fem-house 
were thoroughly washed with distilled water 
before using them for experiments. Six leaflets 
were floated (dorsal side up) in each petriplate 
containing 20 ml of distilled water or different 
chemicals. Petriplates were kept in continuous 
dark or continuous white light (70 W m"^) at 27®C 
in a temperature-controlled culture room. Ki- 
netin, GAj (Gibberellic acid) and IBA (Indole bu¬ 
tyric acid) were used at the concentration of 50 
pM each. Cycloheximide, Chloramphenicol and 
Actinomycin-D were used in 200 pg ml"*, 200 ng 
ml'* and 10 pg ml'* cones, respectively. The pig¬ 
ments were extracted in 80% chilled acetone. The 
total chlorophyll was estimated by the procedure 
as described by Arnon*. The mean values given 
in figures are based on 4-8 independent parallel 
experiments. Estimates of standard error of 
mean are of the order of 2-6%. 

Light (12hr) does not show any signifi¬ 
cant effect on fern leaf senescence as character¬ 
ised by loss of chlorophyll (Fig. 1) and total leaf 
protein (Fig. 2 ). This is in contrast to photoin- 
duced delay of senescence in the leaves of higher 
plants, where the effect of light at this intensity is 
attributed to the action of phytojchrome*. TTiis 
finding, however, does not exclude the possibi¬ 
lity of participation of phytochrome in delaying 
the senescence of fern leaves. A significant retar¬ 
dation of chlorophyll loss by red light pulse and 
inhibition of red light response by far-red light 
pulses suggests involvement of phytochrome 
(unpublished data). Since fern is a shade-loving 
plant, it is possible that light, even at a relatively 
low intensity, could oxidise the pigments. There¬ 
fore, the level of chlorophyll ob^rved during se¬ 
nescence may be a balance between photoin- 
duced oxidation of chlorophyll loss and phyto¬ 
chrome induced protection of pigments. The 
loss of pigments in light may disorganise pig¬ 
ment-protein complex. This could lead to a 
decline in the protein content even in light 
(Fig. 2). 

Ineffectiveness of GA, and stimulating 
action of IBA on chlorophyll loss (Fig. 1) of fern 
leaflets are hi contrast to the retarding action of 
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Hormones inhibitors 


Rg. 1. Quuign in th« Icvd of total ddoraf^yltolllRi leafltts on traatment with phytoharmonaaandptoMn synthaaif 

inhlUton: 

(1) non-sanaacing fem leaflela at thaatvt of the experimenta; (2) 12d continuous darkness with water; (3) 12 d 
continuous darknaaa with GA^ (4) 12 d continuous darkness with IBA; (5) 12 d continuous darkness wl^kinetin; 
(6) 12 d contimimis darkness with cydohexinida; (7) 12 d continuous daricness with actinomycin*D; (8) 12 d 
continuous darkness with chloramphenicol; 12 d continuous U^t with water. 

theM hormones on leaf senescence of several on chlorophyll loss (Fig. 1). Similar results on 
higher plants'. wever, senescence retarding non-participation of organelle ribsomes regulat- 
etfect of kinetin both on chlorophyll and protein ing leaf senescence has been observed in higher 
(Figs. 1 and 2) in fem leaflets may suggest a plants*. On the other hand, Actinomycin-D, 
generalisation that cytokinins are the universal which normally does not show any effect on leaf 
retardants of leaf senescence, since the hormone senescenceof Wgherplants,exhibitsasignificant 
has already been shown to retard leaf senescence retardatipn of chlorophyll loss in fem leaves, 
in higher plants. Actinomydn-D is an inWbitor of DNA-directed 

The retardation of chlorophyll loss by RNA systhesis. Senescence-retarding effect of 
^loheximidesuggestspartidpationofproteins the inhibitor suggests synthesis of senescence- 
^diesized on SOS ribosome on fem leaf senes- related RNAs in fem leaves, 
oence. On the other hand, chloramphenicol. Senescence is normally investi^ted 

which inhibits protein syntlwsis on 70S ribo- with fully mature leaves. It is suggested that the 
lomes of chlortmlasts does not show any eff^ m-RNA for senescence induction is synthedzed 
voLSiNaa 
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progress of stnosconos in ((toys ) 

Rg. 2. Changt^ the content of total protein of fem 
■leaflets kept in continuous dark (»—•), dark plus 
kinetin (A—A) and continuous light (O—O) 

at some sequence of leaf development, much 
before the complete development and leaf ma¬ 
turity in higher plants^ The m-RN A obviously is 
long-lived and exists in fully mature leaves be¬ 
fore the induction of senescence^ However, the 
retardation of senescence by Actinomycin-D in 
fern leaves may suggest that synthesis of m-RN A 
for senescence induction occurs in mature leaves 
approaching the phase of senescence (Fig. 1). 
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Leaf area determination in mulberry 

Leaves are the main assimilatory organs, 
chiefly consemed with photosynthesis and the 
leaf area a reliable index for determining the 
overall metabolic efficiency of a plant in terms of 
diy matter accumulation, carbohydrate metabo¬ 
lism, yield and quality of the crop^ 

The leaves of mulberry (Moms Linn.) 
form the only source of food material for rearing 
silkworms to produce silk. A wide morphologi¬ 
cal leaf variation (heterophylly) prevails in this 
genus with leaves varying in shape from entire to 
variously lobed in different species and varieties. 
It is, therefore, imperative to develop rapid, accu¬ 
rate and non-destructive estimates of leaf area 
for this plant of high commercial value. Several 
methods**^ have been devised to determine the 
leaf area of various crops including mulberry^'*, 
but the nK>st common irrethod in themajority of 
crops is by the mathematical regression formula 
using easily measured leaf parameters. The 
present study deals with the development of 
simple and reliable methods of computing leaf 
area in both lobed and unlobed varieties of 
Mulberry. 

Twentyfive leaves from a lobed and an 
unlobed variety from each of the duee Moms 
species (Tables 1 and 2) were taken and the leaf 
area was estimated by adopting various tech* 
niques, viz. plotting the leaves on centimeter 
graph paper and countiqg the squares (actual 
leaf area), calculating from the product of length 
and breadth of leaves, dry matter area basis of 
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individual leaf and by using a constant factor 
after multiplying it to the product of the length 
and brdiilth. The constant factor was estimated 
by dividing the sum of actual area of all the leaves 
l^the sum of products of length and breadth of 
these leaves for each variety. Making use of least 
square analysis, the constants were calculated 
for regression equations which were fitted to 
determine the relationship between the actual 


area (graphical method) and dry matter, Ic^f 
length, leaf breadth ahd length and bro^idth^: 
Correllftion coefficients between the actual leaf 
area and the area computated by different tech¬ 
niques wore estimated (Tables 1 and 2). 

The R* values estinaated for the unlobcd 
varieties, viz. Limoncina, Obawase and Gosho- 
crami, representing all the three species of mul¬ 
berry, revealed that the leaf area calculated by 


TABLE 1: Correlation of leaf areas estimated by different methods with actual leaf areas 
in unlobed varieties of three species of Mulberry 


Method of estimation 

Formula 

r Value 

R»(%) 

Monts alba var. Limondna 

L and B without factor 

A = LxB 

0.8640** 

74.64 

L and B with factor 

A = LxBx0.7370 

0.8641** 

74.66 

Area on dry matter basis 

A = 26.1791 + 74.3377 D 

0.7663** 

58.72 

Regression with L 

A = -7.0418 + 7.5163 L 

0.6667** 

44.44 

Regression with B 

A = -24.5397 + 10.9804 B 

0.7174** 

51.46 

Regression with L and B 

A = -35.3007 + 3.5889 L + 7.7806 B 

0.8548** 

73.06 

Monts bombycis var. Obawase 

L and B without factor 

A = LxB 

0.5809** 

33.73 

L and B with factor 

A = L x B X 0.7438 

0.9666** 

93.43 

Area on dry matter basis 

A = 15.2699 + 100.5849 D 

0.8442** 

71.26 

Regression with L 

A =-64.2073 + 13.1260 L 

0.9058** 

82.04 

Regression with B « 

A = -54.1586+ 14.1761 B 

0.9145** 

83.63 

Regression with L and B 

A = -73.0490 + 6.8714 L + 8.4065 B 

0.9660** 

9331 

Moms multicaulis var. Goshocraml 

L and B without factor 

A = LxB 

0.9885** 

97.71 

L and 6 with factor 

A = L X B X 0.6827 

0.9920** 

98.40 

Area on dry matter basis 

A = -49.4240 + 113.4476 D 

0,9015** 

8U7 

Regression with L 

A = -218.0713+ 22.1571 L 

0.9566** 

91.50 

Regression with B 

A = -237.8723 + 29.0753 B 

0.9583** 

91.83 

Regression with L and B 

A = -246.4739 + 7.6028 L + 19.9821 B 

0.9865** ' 

• 97.31 


A = Actual leaf area (an*), L * Leaf length (cm), B = Leaf breadth (cm), D = Dry matter value of leaf (g), ^; tdgnificant'at 
1% level 


TABLE 2: CoiTclation of leaf areas estimated by different methods with actual leaf area 
in lobed varieties of three species of Mulberry 


Method cd t^Unation 

Morus alba van^hshinose 
L and factor 

L and B with factor 
Area on dry matter basis 
Regression with L 
Regression with B 

Shimanouchi 
L afidB^diitmt factor 
L and B with factor 
Area on dry matter basis 
Regression with L. 

Regression with B , ,, 
Rcgr^onisip^ihidl B 

Monts ttiuilkauta var. Rokokuyaso 
L and B without factor 
L and B with factor 
Area on dry matter b^s 
Regression with L 
Regression with B 
Regression with L and B 


Formula 


A = LxB 

A = L X B X 0,6506 

A *-8.9589 + 95.6474 0 

A = -76.1460 + 12.8138 L 

A * -83.9263 + 4.9766 L +10.6332 B 

A*LxB 

A*LxBx0.7272 

A *58.0649 + 6.1551 D 

A = -3.4370 + 6.6580 L 

A *-43.6846+ 12.1738 8 

A * -44.5686 + 3.1242 L + 8.7421 B 

A = LxB 
A * L X B X 0.6356 
A *62.5774 + 8.4243 0 
A » -1B560 + 6.5257 L 
A *43.4721 + 2.7254 6 
A * -13.6721 + 1.2017 L + 7.2509 B 


NS • Not tigplBeaht, for symbols A, L, B, D and ** refer to footnote on Table I 
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r Value 

R*(%) 

0.9461** . 

8931 

0.9561** 

91.41 

0.9185** 

8436 

0.8738** 

7635 

0.9695** ' 

93.99 

03122“ 

9.74 

0.9266** 

8535 

0.9463** 

8934 

0.8510** 

72.42 

0.9420** 

88.73 

0.9486** 

89.98 

0.3342“ ' 

11.16 

0.8002** 

64.03 

0.7591 •• 

5732 

0.8209** ■ 

6738 

0.8939** 

79.90 

0.9171** 

64.10, 
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the method of using constant factor was the 
efficient one as compared to other methods of 
estimatioiv as is judged from values of these 
varieties; 74.64%^ 93.43% and 9840% respec- 
dyely (Table 1). It is, therefore, evident that the 
leaf area of these unlobed varieties could be de¬ 
termined by simply multiplying the product of 
leaf length and le^ breadth with the constant 
factors of 0.7370,0.7438 and 0.6827 respectively. 
Interestingly, in lobed varieties, viz. Ichinose, 
Shimanouciu and Rokokuyaso, representing all 
the three species of Morus Linn., viz. M. alba 
Linn.,M. bombycis Koid. and M. muUicaulis Poir., 
the multiple regression equation using both leaf 
length and leaf breadth gave very accurate esti- 
. mates of leaf area as compared to other methods 
of estimation (Table 2). The values of these 
varieties estimated are 93.99%, 89.98% and 
84.10% respectively. 

Kasiviswanathan et al.^, while estimat¬ 
ing the leaf area of three mulberry varieties, viz. 
Mysore local, Kanva-2 and Kosen belonging to 
two species of mulberry (M. alba Linn, and M. 
multi^ulis Poir.)rrecommended the method of 
multiplying constant factor to the product of 
length and breadth of leaves irrespective of the 
extent of lobation present. But this hypothesis in 
toe light of the present study conducted exclu¬ 
sively on lobed and unlob^‘varieties of mul¬ 
berry respectively does not hold true. The 
method of multiplying constant factor to the 
product of length and breadth in only unlobed 
varieties, viz. Limoncina, Obawase and Gosho- 
erami, and the method of multiple regression 
equation using both length and breadth in only 
lobed varieties, viz. Ichinose, Shlmanouchi and 
Rokokuyaso would be valid, as compared to 
other methods of estimation and can easily be 
applied in both destructive and non-destructive 
methods of growth analysis. Moreover, these 
methods could be adopt^ conveniently due to 
toe main advantage of their simplicity in 
operation, as compared to the rating method in 
mulberry* which though reasonably accurate 
and non-destructive tends to be complicated and 
laborious when large samples have to be, 
handled. 
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Effect of different levels of basal and foliar 
application of nitrogen on fruit yield of 
Bhindi (Ahetmoschus esculentus L.) 

Bhindi, an important vegetable crop, is 
widely grown throughout the sub-tropical re¬ 
gions of the world. Agronomic manipulations 
specially nitrogen is necessary for better growth 
and fruiting of the aops, but the information on 
the response of nitrogen to Bhindi under agro- 
climatic conditions of Vindhya region of 
Madhya Pradesh is lacking in literature. Hence, 
an attempt was made in this study to determine 
the effect of nitrogen as basal and foliar applica¬ 
tion on yield of Bhindi. 

Four levels of nitrogen viz. 0,40,60 and 
80 kg/ha as basal and foliar spray also were 
tested in randomized block design with three 
replications at an experfinental area of Depart¬ 
ment of Horticulture, College of Agriculture, 
Rewa (M. P.). Eighty kg Pp^and 60 kg KjO /ha 
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was applied uniformly, whereas nitrogen was 
given as per treatment. The experiment was 
oonductedind\eplots^of4mx2.5m. Thedata 
was recorded on plantheight, leaves/plant, fruit 
length and girth, fruit yield/plant and per hec¬ 
tare. The statistical c^ysis was carried out 
according to method described by Qumdel*. 

The various parameters as influenced by 
basal and foliar application of nitrogen are pre¬ 
sented in Table 1. Plant height, leaves/plant, 
fruit length and girth were significantly influ¬ 
enced by the use of nitrogen.' Significant increase 
in fruit yield per plant was recorded over control 
due to ^th basal and foliar application of nitro¬ 
gen. But, on an average, the yield/plant was 
higher in basal than foliar application of 
nitrogen. 

TABLE 1: Effect of basal and foliar application of 
nitrogen on growth and yield of Bhindi 

Treat- Plant ’ No. of Fruit Fruit Frmt yield/ 

ment height leaves length girthplant (kg) 

(cm) (cm) (cm) 


Basal application of 
Nitrogen (kg/ha) 


0 

65.7 

13.08 

15.06 

1.75 

0.49 

40 

81.1 

13.98 

15.64 

1.76 

0.53 

60 

82.5 

14.26 

16.11 

1.96 

0.63 

80 

93.1 

15.18 

16.12 

1.84 

0.72 

CD. 5% 

72 

1.04 

0306 

0.042 

0.06 

Foliar application of 
Nitrogen (kg/ha) 





0 

74.4 

1236 

15.04 

1,74 

0.49 

40 

78.7 

13.86 

15.70 

1.81 

0.55 

60 

83.9 

14.70 

16.05 

1.86 

0.63 

80 

85.9 

15.55 

16.16 

1.90 

0.70 

CD. 5% 

71 

1.04 

0306 

0.042 

0.06 


The average yield of Bhindi was 137.5 
q/ha (Table 2). Basal application of nitrogen 
revealed that highest yield of 163.20 q/ha 
wasrecorded with 80kgN/ha, followed by 60 
kg N/ha (150.16 q/ha) and 40 kg N/ha (123.35 
q/ha). The control registered the lowest yield of 
113.35 q/ha. Similarly, the results of foliar spray 
of nitrogen indicated that 80 kg N/ha had the 
maximum yi^ld qf 159.14 q/ha followed by 60 
and 40 kg N/ha. The combined effect of basal 
and foliar^rayof nitrogen revealed thatSOkgN 
basal 80 kg N foliar ^ray hasdven maximum 
yield foUoWed by 80 kg N baiiaf+ 60 kg N foliar 

V0t.54,N0.6 


TABLESt ftnlt yUM (4a») of Bhindi m Inffaioacii 
by contblatd tfftet of boMl tad 
■pplicodonof nittonn 

FoU«rw»r<v 0kg 40kg 60kg 80kg M«ta' 

Bowl N/ha N/hi N/ho N/ho 

OkgN/ha 89J3 11113 125.33 12613 1113$ 

40 kg N/ha 11353 12006 122.66 136.96 12355 

60 kg N/ha 9636 14703 174.63 16203 15ai6 

80 kg N/ha 116.16 156.63 186.88 191.16 16300 

Mean 103.94 134.06 152.92 159.14 137.3 

and 60 kg N basal+80 kgN foliar which were 114, 
110 and 103 percent higher than control. These 
results are in confirmity with the findings of 
Rathore and Singh* in Bhindi, Zauddia* in to¬ 
mato, Prasad and Subramaniam* in Chilli and 
Tayde et alK on cabbage. Therefore, it is sug¬ 
gested that 80 kg N as basal and foliar both may 
be applied in rainy-season Bhindi for maximum 
productions. 
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Seasonal variation of the oviduct of a 
common non-poisonous snake, 
Amphiesma stolata (Liimaeus) 

Snakes have normally evoked awe 
world over. The chelonians, lacertilians, croco- 
dilians and even the rhynchocephalian spheno- 
dons have attracted more attention by naturalist 
and scientists than the squamate ophidians. But 
a few have paid attention to the reptilian ovi-^ 
duct*’*, particularly the snakes. But no seasoAsl 
variations have been earlier recorded on 1^ 
oviducts of AmphiesTM stolata. 




Bg8.W:(l) Section through lhelnfundibulumduringbr^ng^^x^( 

vl^i leglo^ov^thlck circular mosde layer and reduwd lumen (Irrow). x 400. 
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7 to 10 adult female snakes were ob- 
I tained every month over a period of two years 
(1982-84). Live specimens were collected 
through snake dealers staying at Baruipur, 24 
Parganas, a subarb of Calcutta, West Bengal 
(23'^;89®E). Oviducts were dissected out from 
the specimens. Macroscopic examinations were 
made immediately and tissues were collected 
from different parts of the oviduct. Tissues were 
than fixed in alcoholic Bouin's fluid and sub¬ 
jected to the usual process of dehydration, clear¬ 
ing and paraffinizing. Microscopical sections 
were cut at 6 m thickness and stained with 
Delafield’s hematoxylin and- counter stained 
with alcoholic eosin. 

Oviducts are paired structures. The 
right oviduct is usually larger and situated more 
anterior to the left. For the conveyance of the 
ovulated ova five distinct regions of the oviduct 
may be demarcated as infundibulum, tuba, 
uterus, vagina and vaginal pouch^ But earlier 
workers*'^ divided the reptilian oviduct into four 
regions. Vaginal pouch was not recorded by 
them. The two oviducts are mostly separate bat 
they arc fused at the posterior part of the oviduct 
i.e., the vaginal pouen. Dorsally the oviducts are 
suspended by the dorsal mesentery which is 
continuous with the peritoneum and binds the 
vaginal and uterine segments to the mid-dorsal 
wall and the infundibular scgmentofthcoviduct 
to the dorsolateral wall. Vcntrally the oviduct is 
bounded by smooth-muscle band. 

The height of the inner oviducal folds 
increases and the diameter of the lumen de¬ 
creased from the anterior to the posterior portion 
of the oviduct. But the posterior most part of the 
oviduct— the vaginal pouch, has an increased 
lumen and decreased height of the folds. 

The oviduct undergoes an annual histo¬ 
logical change which is remarkably constant. It 
corresponds in all essential features to that of M. 
Japonica*. The wall of the oviduct is composed of 
an inner mucosa containing the lining epithe¬ 
lium; an submucosa; a layer of smooth rnuacle is 
separable into inner girjiularand outer longitudi¬ 
nal components; a peritoneal covering i.e. an 
outer serous coat. 

During the ovulatory period (March- 
June) the columnar epithelial cells of the mucosa 
of the infundibulum are tall and the folds of the 
mucous membrane are increased in number and 
height. The tips of the foldings are more or less 
pointed. This change is accompanied by a no¬ 
table increase in vascularity of tne Whole repro¬ 
ductive tract (Fig.l). 


The wall of the tuba, in pattiiCul^ dur- ^ 
ing the ovulatory period acqunes a seri^ 
large, transverse folds. The number, hei^t and , 
complexity of branching of the muco^ folds 
which project into the lumen of the oviduct ar^ 
increa^ during this period. During the breed* 
ing period, the glands present in the tuba may 
correlated with the tubular glands (Fig. 2) of the 
albumen secreting magnum of the ovmuctof pi* 

f eon®. My findings agree with the observatipn in 
. Carolina^. 

During the ovulatory period, the uterine , 
lumen is lined by columnar epithelium whidi 
consists of nonciliated as well as ciliated cells. 
The secretion of the gland present in the uterus is 
supposed to form tne shell cuticle of A. stoJak: 
and perhaps this region is responsible for pig¬ 
mentation. Uterine glands of the oviduct of U. 
tristis ^ are also described as shell glands. Mucous 
membrane is folded, but the tips of the foldipgS 
are blunt. Epithelium flattens to form an even 
layer (Fig. 3). 

During the peak breeding period only 
the circular muscle layer is present in the most 
posterior part of the vagina, where it forms an 
enlargement due to its greater thickness iathis 
region. The longitudinal layer forms a smooth 
sheet over the posterior and middle regions of 
the vagina, but anteriorly it is arranged into 
longitudinal folds.(Fig. 4). At the late breeding 
period it shows alveolar glands (Fig, 5). Posteri¬ 
orly, the mucosal folds arc high and reduced in 
number (Fig. 6). 

Foldings of the mucousmcmbranc of the 
vaginal pouch arc not very prominent during the 
breeding period hence the lumen of the vaginal 
pouch is spacious. The histological structures of 
vaginal pouch is more or less similar to that of 
vagina. 
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Insecticides synergists against 
Culex quinquefasciatus 

The continuous use of synthetic insecti¬ 
cides caused insect pests and vectors to develop 
resistance in due course of the time. It is often 
more economical to use synergists with an insec¬ 
ticide than to use the insecticide alone. The 
present investigation is an attempt to study the 
synergistic effect of a plant alkaloid, plumbagin 
with insecticides such as Endosulphan, Methyl 
parathion, Sumiddin, Termex and Roger. Plum¬ 
bagin, an alkaloid isolated from Plumbago indica, 
was obtained from Bio Organics, Madras. The 
stock solution of 100 ppm of plumbagin, was 
prepared by dissolving 10 mg of plumbagin in 
100 ml of acetone. Similarly, 100 ppm strength 
each insecticide was also prepared by dissolving 
10 mg of the concerned insecticide in 100 ml of 
distilled water. Then, plumbagin was mixed 
with each insecticide in 1 : 1 ratio. From this 
mixture different concentrations of insecticide- 
alkaloid synergists ranging from 0.00001% to 
0.001% were prepared at pH 7 using tap water. 
One litre of the solution of each concentration 
was taken in separate containers and 50 final 
inslar larvae of C. quinquefasciatus were intro¬ 
duced. The assessment of synergistic toxicity 
was based on the number of final instar larvae 
dead in each concentration. The percentage 
mortality of the final instar larvae was plotted 
against the concentrations of the insecticides 
spaced logarithmically and the regression lines 
were drawn. The median response concentra¬ 
tions were then calculated (LCjq values) to com¬ 
pare the toxicity. 

Cotoxicity coefficient or Synergistic fac¬ 
tor (SF) was calculated using the following for¬ 
mula adopted by Kalyana Sundaram and Das’. 

LCu value of the insecticide alone 

SFi —5!- 

LC^ value of the insecticide with the plant alkaloid 

Value ofSF>l indicates synergism and 
< 1 indicates the antagonism. 

It is found that plumbagin has higher 
synergistic effect with methyl parathion than in 
the pre^nce of other four insecticides used 
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(Table 1). The combined mixture of plumbagin 
and methyl parathion is three times more effec¬ 
tive than the exclusive action of each individual 
insecticide. 


TABLE 1: LC^Values of aynthetic iij^ectlcides on the final 
instar larvae of C. quinquefasciatus with and 
without the plant alkaloid, Plumbagin 


Name of 
Insecticides 

LC„ values of 
Insecticides alone 
(%) 

LC„ valu» of 
Insectiddes -f 
Plumbagin 
(%) 

Endosulphan 

.00005 

.00002 

Methyl Parathion 

.00003 

.00001 

Sumiddin 

.0002 

.0001 

Termex 

.0001 

.0002 

Rogor 

.0005 

.0008 


Insecticidal activity of methyl parathion 
is attributed to its capacity for inhibitirig the 
activity of choline esterase in insects. If the acetyl 
choline is allowed to remain, derangement of the 
nervous mechanism takes place resulting in 
death of insects. However, the application of 
very low doses of methyl parathion favours the 
formation of certain detoxifying enzymes in the 
body of insects. But, the plant alkaloids such as 
pyrethrins, cinerins and jasmoline are said to 
inhibit the action of detoxifying enzymes in in¬ 
sects and thus maintains the toxic effects of the 
insecticide^. The synergistic effects of alkaloids of 
seven plants with synthetic insecticides on the 
larvae of P. ricini was studied by Chockalingam 
and Nalina Sundari*. Plumbagin is found to 
possess JH mimicking substance*. Chocka- 
lingam et al?, found that application of plum¬ 
bagin is useful to control third and fourth inslar 
of C. quinquefasciatus. Among the insecticides 
used termex and rogor showed antagonistic ef¬ 
fect with plumbagin on £. fraterna (Table 2). 

The plant products are not immediately 
toxic to the insects in low doses*. The plant 
products in combination with insecticides are 
found toactasbctterlarvicidesand thusapplica- 
tion of synergistic mixture in the management of 
insect pest is likely to bring'tiown the cost of pest 
control operations. However, it is also felt that a 
real benefit of using synergists can onl)rbe de- 
^lENCE AND culture; jUNfE MSB 



TABLE 2; Toxicity effect of insecticide-alkaloid mix¬ 
tures on the larvae of C. quinquefasciatus 


Mixture 

Cotoxidty 

CoefOdent 

Effect 

Endosulphan + Plumbagin 

2.500 

Sy. 

Methyl parathion + Plumbagin 3.(XX) 

Sy. 

Sumiddin + Plumbagin 

2.000 

Sy. 

Termex + Plumbagin 

0.500 

An. 

Rogor + Plumbagin 

0.625 

An. 


rived if the synergised toxicants can be used on 
agricultural crops. The work relating to the 
estimation of residues of synergists when ad¬ 
mixed with various insecticides is an important 
step towards a practical utilisation of these mate¬ 
rials^. More and more information on the fate of 
synergists along wi th tha t of the toxicant is essen¬ 
tial in order to recommend the use of synergists 
in a big way in the management of the mosquito 
larvae. 
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Insecticidal properties of some 

indigenous plants against stored 
grain pests 

Laboratory experiment was conducted 
to explore the contact toxicity of oil fraction (rf 
seeds of Clerodendrum viscosum Vent (Syn. C. 
inforlunatum Linn., Fam. Verbenacae) and 
Blumea eriantha, DC (Compositae) against stored 
grain pests Callosobruchus chinensis Linn, and Si- 
tophilus oryzae Linn. C, viscosum was found to be 
most effective (LDgg = 2.15% cone.). All parts of 
C. viscosum have a bitter pungent taste and are 
used as bitter tonic, vermifuge and laxative^ B. 
eriantha yields an essential oil possessing a 
comphor—like smell and consisting of chiefly of 
d-carvotan-acetone,and erianthin,C 2 gH 2 (Pj. We 
were, therefore, interested to investigate the in¬ 
secticidal effect of oil fractions of two plant spe¬ 
cies against two stored grain pcsts^®. 

Dried and powdered secdsof two plants 
were soxhlctcd respectively with solvent Petro¬ 
leum-ether (60-80°C) for 72 hr. The solvent was 
removed by distillation and residue left in two 
cases respectively were taken in least amount of 
benczcnc and chromatographed over neutral 
alumina. The pclrolcum-cthor eluent (60-80®C) 
from two separate columns were collected. The 
solvents were removed completely from eluent' 
under reduced pressure and the oily material 
obtained were again diluted with pctroleum- 
cthcr to prepare solution of different concentra¬ 
tions 5%, 2.5%, 1.25% and .625%. 

The toxicity assessment were done as 
follows: 1 /4 ml of test solution (fpr a particular 
concentration) was taken in a dry tost lube and 
the solvent was evaporated prior to insect re¬ 
lease. Ten newly-emerged insects were then 
inserted in the treated test tube which was then 
covered. After 24 hr, the test insects were trans¬ 
ferred to sterilised food (green-gram, wheat 
grains) and the mortality counts made every 24- 
hr for three days. One petroleum-ether control 
and a blank test tube (normal) with insects were 
run simultaneously. There were four rcpUcar 
tions for each concentration. All the experiment 
were carried out under normal temperature 
(3r± T^^C). 
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The regression equation was worked ataconcentrationof5%andwithin72hratacon- 
out betweeft^the concentration of extract and ceniration of 2S%, whereas 100% mortality of S. 
amount of mortality by probit regression analy- oryzae was brought by both the concentrations 
sis^. The statistical si^ficant variation among within 72 hr. Oil fraction of B. eriantha caused 
the means were measured, using analysis of mortality of Cdu'noisis 65% at 5% concentration 
variance (F'test). and 40% mortality at 25% within 72 hr of treat- 

The oil fraction of C viscosum (Table 1) ment. More or less similar results were obtained 
caused 100% mortality of C. chinensis within 24 hr in case of S. oryzae (Table 2). Employing F-test, it 

TABLE 1: Contact toxicity test of seed oil of Cletodmdrom viscosum against two stored grain pests 


Pest Cone, of oil Mortality of stored grain pests of different replications (hr) LD„ 

frachon 24 _ 48 72 

% R, R, R, R, R, R, 




I 

II 

I 

II 

I 

U- 

I 

II 

I 

II 

I- 

II 


C. chinensis 

5 

10 

10 

10 

10 

_ 

_ 

. 


. 






2.5 

2 

4 

9 

4 

2 

2 

X 

X 

X 

2 

1 

X 


• 

1.25 

5 

2 

4 

2 

X 

2 

X 

X 

X 

2 

X 

X 

2.15 


.625 

X 

3 

1 

1 

2 

X 

1 

1 

X 

X 

X 

X 



Control 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



Normal 

X 

X 

X 

X 

X 

X 

X 

X 

. X 

X 

X 

X 


S. oryzae 

5 

8 

4 

10 

6 

2 

4 


2 


2 


2 



2.5 

5 

2 

X 

3 

X 

X 

6 

4 

X 

X 

X 

X 



1.25 

X 

X 

3 

2 

4 

4 

2 

X 

X 

X 

X 

2 

2.3 


.625 

X 

X 

X 

X 

3 

2 

1 

1 

X 

X 

X 

X 



Control 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



Normal 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



X: No mortality 


TABLE 2: Contact toxicity test of seed oil of Blumea matha against two stored grain pests 


Pest Cone, of oil Mortality of stored grain p6sts of different replications '(hr) LD^ 

fraction _24_ _ 48 _22_ 

% R, R, R, R, R, R, 


C chinensis 

5 

4 

2 

X 

5 

2 

2 

5 

2 

X 

X 

2 

2 




2.5 

3 

2 

2 

X 

2 

X 

X 

4 

X 

2 

1 

X 




1.25 

X 

X 

4 

3 

3 

4 

X 

X 

X 

X 

X 

X 

3.4 



.625 

X 

X 

X 

V 

X 

X 

4 

2 

X 

2 

X 

X 




Control 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 




Normal 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



S.oryzee 

5 

5 

3 

2 

5 

2 

X 

2 

2 

X 

X 

X 

X 




2.5 

4 

3 

X 

2 

4 

3 

X 

X 

X 

X 

X 

X 




1.25 

X 

X 

4 

2 

2 

2 

X 

3 

n 

■1 

D 

X 

4.1 



.625 

X 

X 

2 

2 

3 

3 

X 

X 

H 

H 


X 




Control 

X 

X 

X 

X 

X 

X 

X 

X 

H 

H 

B 

X 




Noemd 

X 

X 

X 

X 

X 

X 

X 

X 

H 

n 

n 

X 




X: No mortality 


I 

II 1 

II I 11 I 

II I 

11 I 

II 
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wMfurther revealed that hig^coiKHitraM 
oil firactkm initiated motlaUty at an increasing 
degree wi& a statisticany significant variation 
among the dose$ used. TheLD^ofoilliactionof 
C viscosum against C. dHnensis was more efi^ 
five (LD^ » 2.15% cone.). S, oryzae was less sus> 
ceptible to these oil fraction in comparison with 
C chingnsis, though there was no signifiewt 
variation between the finding of these two in¬ 
sects. Analysis of variance (F-test) between the 
two insects was insignificant at 5% level, 
whereas the different doses was significant at 1 % 
level. Since no constituents of these plants have 
been reported to have insecticidal (contact poi¬ 
son) properties, the examination of insecticidal 
or their synergestic activity should be looked 
into. Experiment in this area is underway. 
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Bioeitiigy jftom A^Iridoitriat 
By-products at^llVas^ 

The increased agricultural production 
achieved in recent years has given rise to a 
variety of environmental probLom Some of die 
methods used in handling, treating and dispo^ 
ingof agricultural wastes affect the quality of Ih^ 
environment. It is essential to understand these 
problems and to work out suitablecontrol meas¬ 
ures*. 

Agricultural wastes originate from food 
processing, crop and field residues, dead live¬ 
stock, canning and packaging industry etc. Most 
of the agricultural and ofoer organic wastes are 
suitable for biogas generation and thus for en¬ 
ergy production^'*. The depletion of fossil fuels, 
increasing per capita energy consumption and 
rapid growth of population have prtHnpted 
searches for alternative source of energy. 
Among the non-commercial sources are 
wood, agricultural wastes and animal dung. 

The process for energy recovery may be 
classified into two groups (Fig. 1): (1) biob^cal 
processes and (2)'thermochemical processes. 

Aqueous Process : This is an entirely bio¬ 
logical process in which microoiganisms con¬ 
sume the nutrients present in the wastes to in¬ 
crease their own biomass and consequently re¬ 
lease various combustible and non-combustible 
gases and/or simple carbohydrates. In the an¬ 
aerobic process, there is a deficiency of O, and 
hence the entire carbon is not converted to CDy 
the products of respiration being COy methane 
and various products of reduction. the deg¬ 
radation of the waste, COj and C^H^are releas^ 
to the atmosplwre, the Oj demand is reduced and 
the waste gets Stabili 2 «d, Under standard condi¬ 
tions, the production of 1.4 to 1.69 m* of methane 
results in the stabilization of 03 kg of utilimate 
Oj demand*. 

Waste resources and recoverable en- 
wgy: A large number of rice mills, sugar mills; 
distillaries, canning industries, fisheries, meat 
procuring units and other food industries are in 
operatfon in the country. Daily availability o| a 
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Energy recovery processes 


Biological (Anaerobic digestion) 
CH, + CO, + COetc. 


Pyrolysis 


Chemical 

- 1 - 

Gasification 

I 

Low, medium 
energy gas « 


Fig. 1. Process for recovery of energy from agricultural wastes 


Hydrogasi- 

ficaticni 

I 

ch,c,h. 


few major food processing wastes is given in degraded in a sequence of two steps mediated by 
Table 1. Because of the non-availability of two different types of microbial flora.-In the first 
adequate information waste generated by indi' liquefaction and acidification step acidogens 
vidual industry could not be computed. Availa- play role for nearly seven to ten days. Liquified 
bility of bioenergy/biogas per unit weight of the acidic materials are acted upon by methane- 
waste is computed and given in Table 1. It forming organisms in the second step and diges- 
appears that although these are important re- tion is completed by another five to eight days. 
sources,theyarenotexploitedforsmallscalebio- Improvements of this basic technology of biogas 
conversion into methane. 


TABLE 1: Computed daily availability of biogas from waste and its energy equivalent (1986 data) 


Scfirce 

Availability 

(kg/day) 

Volatile 
soUds (VS) 
(%) 

Digestible 
Volatile solids 
(%) 

Total biogas 
Yield 

L/kg L/kg 
waste VS 

CH/ 

yield 

L/kg 

waste 

Energy 

equivalent 

Kcal/kg 

Rruitand vegetable 
processing waste 

111 X 10* 

82 

73 

450 

640 

224 

1775 

Dairy and meat 
processing sludge waste 

6.8x10* 

80 

68 

240 

400 

142 

1130 

Fisheries 

6.1 X10* 

74 

70 

260 

510 

170 

1350 

Rice mill (Husk) 

47.2x10* 

74 

70 

185 

420 

125 

1000 

Sugar mill (Bagasse) 

17.2x10* 

65 

65 

150 

410 

100 

780 

DistiUaries 

160x10* 

75 

67 

140 

325 

100 

750 

Algae 

61x10* 

80 

75 

365 

685 

260 

2100 


* Based on 66% methane content in biogns. 


Basic Technology of r^use bioconvershn : production hai« been made and thereby digM- 
Essentially a single stage biogas plant consists of tion time have been reduced and methane pro- 
two units. First a digester with an inlet into ductivity has also been increased to a great 
whichthewastemateri^sareintroducedinform extent^. The digested sluriy from the biogas 
of a slurry. In the digester bioconversion of producer containing essential farm nutrients 
refuse in carried out at33-40°C. Thesecondunit (N: P: K: ;4:3:1} can be used as bio-fertilizer 
is a gas holder to collect biogas containii^ 60- directly in the agriculture. Alge cultivated in the 
7D%inethaneascombustiblecomponenttl^rest pondutilizingsolarenergyinaybedirectlyfedin 
beingmostlycaibondioxide. Inatypicalanaero- thebiogasproducertometdailyrequirementsof 
bic bio(X>nversion process to geno’ate biogas in biogasasfuelforboileroperation. ^theproduc- 
the digester the complex organic materiab are tion of biogas and biofertilizer from waste will 
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make the food processing plant technically as 
well as economically more viable. 
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Growth performance and reproductive 
behaviour of Convolvulus arvensis Linn, 
in relation to soil salinity 

Soil salinity and alkalinity play an im¬ 
portant role in distribution, behaviour and exis¬ 
tence of plants in nature^ Existence of a species 
in a habitat depends upon its reproductive ca¬ 
pacity^, for example, on viable seed production 
and the capacity for production of a high-per¬ 
centage potential progeny. Our understanding 
of this aspect of plant behaviour under saline 
habitat is still quite meagre. This communication 
deals with the growth performance and repro¬ 
ductive behaviour of divei^ population of Con¬ 
volvulus arvensis Linn. 

C arvensis, an annual weed belonging to 
the Convolvulaceae, is widely distributed in all 
temperate and subtropical regions of the 
world*'*. It appears in cold season (winter), very 
common in black soil and is a valuable fodder* in¬ 
habiting both saline and non-saline habitats by 
virtue of its having high salt adaptive potential*. 

Three experimental plots each were se- 
VOL54,Na6 


lected in non-saline and saline habitats. After 
germination of seeds inNov. 1985, the plots were 
protected with 1 wire-net fence and weeding 
was done to avoid interspecific competition. 
Observations were started from the seedling 
stage and continued till the fruiting stage. At 
fruiting stage, 10 plants from each plot were 
sampled by digging monoliths and were made 
soil-free in running tap wa ter. Shoots and roots of 
each plant were dried separately for 72 hr at 60®C 
in a hot-air oven for dry matter (DM). Counts 
were made for the number of inflorescence/ 
plant and number of seeds/inflorescence. The 
average seed out-put/plant was computed as: 
Average seed 

out-put/plant = Average number of inflorescence/plant 
X Average number of seeds/inflorcscence 

Seeds were separated from mature inflo¬ 
rescence by hand to determine the average seed 
weight, weighed in lots of 1(X) and placed in 
petri-dishes cor^taining moist filter papers for 
germination. There were three replicates for 
each type of seeds and each dish contained 50 
seeds. Germination tests were performed in the 
laboratory under 8 hr of photoperiod with 
flourescent lamps supplemented by 15-W incan¬ 
descent bulbs and kept at a distance of 1 m from 
dishes with the temperature ranging between 
24X and 30®C. Reproductive capacity of plants 
were determined from the seed output/plant 
and percent germination* as follows: 

•A 

Reproductive capacity = Average seed output/plant 

X 

Average percent seed germination 

ioo 

The growth performance indicated su¬ 
periority of the plants of the non-saline habitat 
over the saline habitat with respect to foliage 
development, shoot length and the biomass 
(shoot and root DM) accumulation (Table 1). 
Branching capacity, shoot/root ratio, number of 
inflorescence per plant and average number of 
seeds/plant was greater in plants of saline habi¬ 
tats than those of plants of normal habitats. 

Seeds of the plants belonging to saline 
habitats were heavier than those from normal 
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TABLE 1 1 Performance of C. occurring on non-aalinc and aalinc habitat (All valuea arc avetagea) 


Parametera 

Length of longest shoot/jtot (cm) 

No. of leaves/i^ant 
No. of branches/plant 
Shoot dry weight/plant (gm) 

Root dry welght/plant (gm) 

Total d^ weight/plant (gm) 

Shoot/root ratio 
No. of Inflorescence/Plant 
No. of seeds/inflorescence 
Seed output/plant 
Seed wei^t (mg) 

(termination percent 
Reproductive capacity 

± indicates standard deviation. 

habitat. Plants of saline habitats possessed 
higher reproductive capacity than those of plants 
of normal habitats. An analysis of the behaviour 
pertaining to the ecesis of Convolvulus arvensis in 
normal and saline habitats during wet season 
reveals halophy tic potential of the species. Accu- 
mulationof water-soluble salts, low water poten¬ 
tial, decreased water supply and low water 
availability havebeen considered responsible for 
poor growth performance of the species in saline 
habitat. Low number as well as smaller size of 
leaves in plants of saline population reflects an 
adaptation to avoid excessive water loss through 
transpiration which is also indirectly related to 
decreased photosynthesis concomitant with in- 
creised respiration^ Suppressed net assimila¬ 
tion resulting this way causes a reduction in dry 
matter accumulaiion/plant. Relatively higher 
shoot/root ratio for individuals of species in 
saline habitat is ascribed to poor root growth 
caused by poor aeration and ion toxicity. An in¬ 
crease in branching in plants of saline habitats 
reflects development of a tendency to more seeds 
ensuring survival in the harsh edaphic environ¬ 
ment I^oduction of heavier seeds by the plants 
unquestionably point to their adaptation to sa¬ 
line habitats wl4re germination and establish- 
menfeaU for better insurance against the prevail¬ 
ing water shortage. Heavier seeds have also an 
umierstanding advantage of sufficiency of re- 
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Non-saline habitat 

Saline habitat 

3225 i 4.00 

12.65 ±2.30 

280 ± 5.50 

162 ±6.00 

12 ± 2.00 

18 ±2.00 

7.25 ± 1.20 

3.0i ±1.00 

3.56 ±1.00 

0.72 ±0.02 

10.81 ± 0.14 

3.77 ±0.69 

2.04 ± 0.10 

4.25 ±0.49 

3.60 ±12.00 

450 ±7.00 

1 ± 0.00 

1 ±0.00 

360 ±12.00 

450 ±7.00 

0.62 ± 0.03 

0.72 ±0.02 

86 ±200 

76 ±3.00 

309.60 ± 7.07 

342.00 ±2.83 


serve food materials to enable the seedling to 
survive better after germination. A high average 
seed output/plant and a high reproductive ca¬ 
pacity in plants of saline habitat indicated a salin¬ 
ity induced preadaptation making the species 
genetically better equipped for ecesis in ^e sa¬ 
line habitat. 
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OUR SPACE PROGRAMME DISARRAYED 


T he failure of the second Augmented Satellite 
Launch Vehicle (ASLV) on July 13, 1988, to 
takeoff from Sriharikota Space Station has brought in 
varied reactions from different quarters. This succes¬ 
sive failure following the one of March 1987 was a 
great disappointment not only to the scientists, con¬ 
nected with the programme but also the layman who 
were keenly awaiting a successful launch. Whether 
the general public understands the full implication of 
the space experiments or not. is not the question, but 
by and laige these experiments of big science arc 
being looked upon as a symbol of national prestige 
and it is that it has hurt the most. The reassurance of 
the Prime Minister at the time of the first failure last 
year that "it is only when you stumble yon get up and 
walk better" had been accepted quietly but the disap¬ 
pointment at the second failure cannot be quietened so 
easily. Many are the questions asked as to how many 
more stumbles will be required to lead the Space 
Agency to a steady walk. 

Each of these trials must have cost several 
crores of rupees which went up in smoke within 
seconds of the blast off. Earlier too there were two 
failures in the SLV scries out of the four and it is the 
pious hope that the remaining two ASLV missions 
which arc scheduled may follow the earlier trend set 
for SLV. 

The ASLV is a five stage vehicle with two 
suap-on rocket motors flanking the main vehicle. 
These suap-ons constitute the 2nd suige. This and the 
four stages of the core vehicle constitute the five 
stages of ASLV. 


In the ASLV mission on July 13th the strap- 
ons did ignite at the appointed time of 0.0 seconds and 

they behaved very well. The first stage motor also 
fired at the scheduled time of 48 ^onds after the lift¬ 
off. However, there was abnormality in the perform¬ 
ance five seconds later by that lime strap-ons should 
have separated from the core vehicle. 

According to scientists observing the blast 
off, "visually, we felt that the strap-ons did not sepa¬ 
rate. But the telemetry signals showed that they 

separated. There may be an anomaly.It has to be 

removed. It will take several weeks to look at the 
voluminous data and arrive at the exact cause of the 
faUure". 

The reporters present have also gathered 
other surmises from ISRO sources which might be the 
probable causes of the failure : the strap-ons could 
have jettisoned, but the first stage motor must have 
under performed; the strap-ons might not have sepa¬ 
rated; one strap-on could have separated but not the 
other; or the strap-on could have disconnected later 
than scheduled. These are intelligent guesses which 
have to be supported by the recorded data to identify 
the real cause. 

It is galling that the trouble on July 13 was 
once again in the first stage. On its maiden flight 
during March 1987, the first stage motor failed to 
ignite after the newly developed strap-on motors had 
carried the vehicle to almost 10 km into space. In the 
July round the first stage motor ignited but develq}ed 
flaw after four qr five seconds. It is indeed a tragedy 
in the sense that the first stage motor was a proven 




entity (until recently) unlike the str;ip-on boosters. It 
was used, quite succcsslully, on the SLV-3 missions 
and has also been tested several-times over on the 
ground. Initial analysis of the present failure indicate 
that tlic strap-on motors, which ought to have sepa¬ 
rated from the vehicle once they had spent themselves 
out, abobt 52 seconds into the flight may not have 
done so. This dead weight which.the first stage motor 
had to haul was too much for the efficiently balanced 
capacity of it. 

In the coming months, the scientists at ISRO 
will no doubt review this short lived flight, to analyse 
what really Went wrong. However, the situation now 
is no better than what it was during the first disaster. 
The Failure Analysis Committee which went into the 
cause of the failure of the first flight, could not pin¬ 
point the defect, in spite of the fact that it was aided by 
as many as 77 specialist sub-committees. The main 
handicap was that they could not lay tlicir hands on the 
debris of the rocket. This time too the Chairman Dr. 
U. R. Rao has caiagorically ruled out the salvaging of 
the rix:ket remains from the depths of Bay of Bengal, 
because of the costs involved in tlie operation. Unless 
some cl inching dues to the disaster arc obhuned in the 
analysis, die decision about salvaging may have to be 
revised. ISRO ctuinot afford to go into thenext AS LV 
flight on more conjectures, or most likely (hopeful) 
causes or plain prayers. The exact cause of the 
disfunction has to be determined beforelhe next flight 
is scheduled. 

One mojre conjecture worth investigating in 
depth concerns the functioning of the first stage motor 
itself. In March 1987, it failed to ignite and in July 
1988, it ignited but misbehaved. These symptoms 
point out to the fuel and the injection system. Some 
experts assign the cause of sputtering of the first stage 
motor after ignition to the partial ignition of the fuel in 
the rocket cylinder which in turn point to the quality 
and nature of the fuel. 

Tljc first stage motor carried liquid hydra¬ 
zine fuel under pressure, in contrast to the strap-on 
boosters, which carried solid fuel. Hydrazine is a 
complex petroleum denvativc and since the exuc t mix 
in tlw components in it varies in dilfcrcnt space pro¬ 
grammes, theexperts couldnot tell what was the com¬ 
position of ISRO's hydrazine. 


If there is any trudi in tiiis theory, it may not 
be necessary to salvage the debris of ASLV-D2 to 
determine what went vwong. The fuel need to be 
analysed more thoroughly from wherever it came. 

In one section of the press comparisons were 
made with the failure in the space programmes of 
other counu-ies. These comparisons with USA and 
USSR are irrelevant as our space programme is a 
pigmy compiu-cd to theirs. S imilarly Japan and France 
have considerably larger programmes. The Chinese 
effort which is a modest one has a (known) failure rate 
of about 20 per cent, whereas ours with four failures 
out of six alicmpis is pretty high. Thus we have 
crosscd^ihc stage of taking solace in such comparison. 

The question to be parried at this time is the 
financing of the space programme. Its allocation for 
this year is Rs. 430 crores which may not give the 
actual picture . To the total loss in each Aiilure one has 
to add the cost of R & D of each part of the space 
programme. According to one estimate it may add 
upto Rs. 20(X) crores in rocket development alone to 
put a telecommunication satellite into geostationary 
orbit. For any full scale space programme this finan¬ 
cial undertaking is inherrent. However, con.sidering 
thcrcsourccs of our counu-y, this is a tall figure. There 
already exists resentment over disproportionate allo¬ 
cation of lunds for a few programmes like atomic 
energy and space, which may become more vocal and 
pressure may build up for revision of certain priorities. 
Thus for the coming few months space scientists will 
have to work with the added stress of accountability. 

The failure of the first two ASLV missions 
have cast doubts on the schedule of the other two 
which have been planned for 1989 and 1990. Now 
according to die Chairman of ISRO, these will be 
rescheduled only al ter going fully into the cause of llte 
failures. However, he feels tliat our programme of 
Polar Satellite Launch Vchicic capabloof putting 
1000 kg remote sensing satellite into 1000 km sun- 
synchronous orbit would not be affected. It is hetu-t- 
ening to sec such trust and confidence which is essen¬ 
tial for the success of die space programme. □ 

B. B. Baliga 
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MILLIMETER WAVE PROPAGATION * 


S.N. GHOSH" 


PropagRtkM) ia Uit nllUnetcr mage b a pmlbility for fblurc coniinunkutiun. British Post Office 
has alraadj ladlcatad It The apparatus will besmali, lightweighted. It w ill alTurd a large number of 
chaaneb to be operated simultaaeousiy. The propagation is ctflcient If carried in the window that 
exbb in the millimeter ware range e.g. at 94 GRi. 


1. Introduction 

W ITH the progress of time electromagnetic 
waves find wider applications, thereby causing 
the traffic to exceed the frequency allocation, produc¬ 
ing congestions in the frequency spectrum. To elimi¬ 
nate this difficulty the existing frequency bands for 
propagation are pushed beyond its limits ultimately 
necessitating, the introduction of millimeter waves. 
Such waves are less susceptible ts interference. 

Strictly speaking, waves having wavelengths 
between 10 mm and 1 mm or in frequency scale from 
30GHzto300GHzarecalledmillimeterwaves. They 
are usually denoted as the 'mm waves'. Unlike radio 
frequency waves which are almost transparent to 
atmosphere, mm waves are absorbed by atmospheric 
gases. 

2. Propagation mm waves 

The selection of working frequencies for 
propagation depends'<xi occurrances of windows 
where abs(»ption lines are absent or are few in nuitb 
bet. niere are certain absorption bands wh^ atmos¬ 
pheric gases offer considerable attenuation to mm 
waves. Hieseare: 

* (i) Water vqxMir (asymmetric rotor) absorption in 
the viejnity of 22.24 and 183.37 GHz 
having abso^tion co^ficients 9.6 xKH and 
8.1 X 1(H cm-* restively. 

(ii) Oxygen molecular absoqMion S3.S9-65.17 and 
120QHzhavingabsoiption coefficient varying 
between 3.5 x l(h* and 1.5 x 1(H cm-*. Oj*‘ 
(lineu) absorptkm is dim to magnetic rather 
than electric dipde coiqsling. 

Other absoipting gases,are ozone wht^ 
absorption lines me scattered tbroufl^u the cm and 

VOLS4»NQ.7 


mm wave range, CO which has an absorption line at 
115 GHz and certain other molecules. These linesare, 
however, very weak. 

Because of high attenuation by aunospheric 
gases the operating frequencies for propagation of mm 
waves are determined by the low attenuation atrnc^- 
pheric windows, for example, those at 35, 94,140and 
220 GHz. The presence of atmospheric windows 
reduced attenuation, and military demand fes* small 
attenuation and narrow beam width systems have 
resulted in considerable increased activity in mm 
wave region. 

For communication, different layers of the 
atmosphere are utilised for different frequency bands. 
Fot example, the band between 0.5 MHz to 30 MHz is 
utilised for propagation of short waves being reflected 
or refracted by the ionosphere. The mm waves are not 
affected by ionosphere but in troposphere marked 
effect on their propagation is noticed. Due to the 
change in refraction index in dte troposphere the 
waves bend. 

In addition to molecular gas absotption, the 
attenuation of mm waves in this region is caused by 
three factors; 

(i) Scattering by collection of molecules as in light 
» haze, 

(ii) Absorption and scattering by solid particles like 
dust, smoke etc. (dry haze), 

(iii) Absorption by precqiiiated particles (hydrome¬ 
ters) e.g. rain, fog, snow and hail. Precipi¬ 
tation is the particle of liquid water or ice 

* Based on a uUc delivered on Dec. 23.1986 at A]^ied Phytici 
Depaiitnent, Cakutu University <m the occasion the Dia- 
mand lufaileciCelebraiioooftbeOcparunenL 
**Dc|]at1iiicn( of Applied Physics, Cdcuua University, 
Calcuua-700009 
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formed wiihin a cloud and falling towards the 
ground. It-may not reach thegrpundandmay 
evaporate on the way passing through the at' 
mos[^cre. These latter absorption due to 
hydrometers arc much higher compared to 
molecular absorptions. 

3. Attenuation of mm Waves During Rain 

When mm waves propagate through the tro¬ 
posphere, due to change in refractive index (m) the 
waves bend. Again, mm waves after reacting with 
water droplets cause a displacement current which is 
large and directly proportional to the frequency (0 of 
waves. Since the radius (r) of water droplets during 
rain is comparable to mm wave length of the droplets, 
their presence in the path also affects attenuation of 
mm waves. Therefore attenuation cross section due to 
rain 

Q s f (r, X, m). 

Several investigators have studied liie distri¬ 
bution of rain drop sizes as a function of rain rate and 
the type of storm activity. The drop size distribution 
can be represented exponentially 


where R— rain rate in mm/hr 

r — drop radius in mm 

N —constant to be determined 

o 

from measured distribution. 

The three distributions often referred to are 
those of (1) La ws and Parsons (2) Marshal and Palmer 
and (3) Joss ei al. 

Attenuation of mm waves during rain being 
large, imposes a severe limitation in establishing a 
radio link at mm waves. Tlic clean air attenuation of 
mm waves at 94 GHz for horizontal path has a mini¬ 
mum value of 0.4 dB/km, and shoots up to about 10 
dB/km fOT a rainfall rate of 2S mm/hr and 40 dB/km for 
ISO mm/hr rain rate. During monsoon month, rainfall 
rate attains the highest value. Theoretical estimates of 
rain attenuation in the frequency range 30-300 GHz 
have been made for various rain rates and drop size 
distributions and compared with experimental values. 


4. Generation of mm Waves 

(i) J.C. Bose's Work: In 1894 Prof. J. C. 
Bose generated at Calcutta mm waves by spark exci¬ 
tation, The wavelength used by him varied from 5-25 
mm. Many quasi-optical experiments on reflation, 
refraction, total reflection, polarization, rotation of the 
plane of polarization etc. could be demostrated by his 
compact apparatus mounted on an ordinary spec¬ 
trometer table (Fig. 1). He constructed a reflecting 



fig. 1. 


metal strip concave grating with which he measured 
the wavelength of the waves. He made many .impor¬ 
tant observations on the polarization of mm waves by 
double refraction in some crystals. The most impor¬ 
tant polariscrs and analyses were made of pressed jute 
fibres. 

In Feb. 1958 issue of Proc. IRE, Ramsay 
published a review of contributions of Hetz, Lodge, 
Righi & Bose, who were the founder investigators of 
generation and detection of e.m. waves. Special im¬ 
portance was given to Bose for enclosing his emitter 
of mm wave in cylindrical and rectangular metal 
tubes, a precursor of waveguide. Bose worked on m'm 
wave for 5 years upto 1899. 

With the development of elecu-on vacuum 
tubes this technique was superseded by microwave 
generators, klystron, magnetron, travelling wave 
'tubes and other microwave tubes. The use of metal 
and dielectric wave guides microstrip llTtes and inte¬ 
grated circuits are extended from microwave to mm 
range. 
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Certain difficulties arc experienced in 
extending the range of microwave tubes into the mm 
wave region, namely; 

'• (ii) mm Wave Link at Calcutta : A mm wave 
link has been set up between Radio Physics Depart¬ 
ment and the Centenary Building of Calcutta Univer¬ 
sity (Fig. 2). A 50 mWeWIMPATT oscillator at 94 



GHz fed to a SO dB horn antenna is employed at the 
transmission. At the receiving station a superhetro- 
dyne receiver fed from a 25 dB horn receives the 94 
GHz signals. The rain attenuation can be as large as 
40-60 dB per km during exU'eme rain rates. This large 
attenuation calls for a highly sensitive receiving sys¬ 
tem. To achieve it the signal is chopped by a rotating 
vane chcq}per placed in frotiLof the receiving horn. 
The output of the detector at the chopping frequency 
of 1000 Hz is amplified by a narrow band amplifier 
and detected by a phase sensitive detector (PSD). The 
1000 Hz local oscillator frequency from the PSD is . 
derived from the generator driving the chqpper. The 
D.C. output of the PSD is intigrated with a time 
constant of 1 sec by a D.C. amplifier and recorded. 
The receiving system is similar tp a Dick type radi¬ 
ometer. 

Round the clock recording of the signal 
strength at the receiving station was undertaken with 
a chart speed 10 cm/hr. The rain rate was measured by 
a fasttain gauge having a response time;of 10 sec. Hie 
peak rain attenuations are plotted against the 
respective peak rain rates (Fig. 3). 

If the particles settled in air at exuemely low 
wind speeds are of smoke and dust, they produce haze, 
and if of water or ice, then a mist or fog app^. 
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Figs. 4 and 5 show the attenuation of cloud and fog as 
a function of wavelength, and cloud attenuation as a 
function of elevation angle, for clear, mixed and 
cloudly sky, respectively. 
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5. Features of nun Waves 


6. Application of mm Waves 


Increased interest in the utilization of mm 
waves is justified by certain specific features of this 
frequency band namely, 

(i) Increased bandwidth 

(ii) Smaller size equipments specially the antennas 
are required thereby increasing adaptibility for 
being mounted on smaller light-weighted sur- 
velliance platforms 

(iii) Smaller antenna diameter for the same gain and 
bandwidth 

(iv) Immunity to noise 

(v) Immunity to electromagnetic interference 

(vi) Increased angular resolution for the same 
antenna diameter 

(vii) Increased sensitivity to Doppler velocity 
effect 

(viii) Increased immunity to unwanted detection by 
hostile forces 

(ix) Increased immunity for frequency interference 
and hostile interference because of the smaller 
beam width of the antenna 

(x) Ability to penetrate smoke, dust etc. Hence 
mm waves are logical choice for adverse 
conditions with obscurants in the propagation 
path e.g., battlefield smoke. In winter times 
when the sky of Calcutta is overcast by smoke 
screens, mm waves can easily pass through 
them. 

(xi) Molecular absorption is basically a handicap 
but can provide solution to some special prob¬ 
lems e.g. air pollutidi studies and secret mili¬ 
tary communication. 

(xii) Communications systems using mm waves 
,have been perfected for both military and 
civil ^plications. 


The attenuation of mm waves offers impor¬ 
tant applications in radar and communication (civil 
and military), radiomeu-y and instrumentation for sci¬ 
entific investigation. * 

Some of the important applications arc: 

(i) Low angle tracking 

(ii) Remote sensing of environment 

(iii) ysc in cloud scanning radar 

(iv) Roini-to-point broad band communication 

(v) i^ret military communication 

(vi) Use in astronomy 

(vii) Plasma diagonastics 

(viii) Sea ioe detection. 

Other applications of mm waves are: 

(i) Communication link.thrOUgh plasma. A100 
GHz system would silbstantiallb a«ommuni- 
cation link through plasAa sheath which 
is opaque to waves having usufil cominuni- 
cation frequencies. 

(n) . mm wave radar applications in airport sur¬ 
vey; harbour traffic control, short range sur- 
. veillance 

(lit) truti wave control of reagents and cata-lysts. 

7. Conclusion 

There arc at present two frontier problems of 
communication, namely (1) mm wave propagation 
(2) fibre optics communication. The British Post 
Office has already indicated the use of mm waves as 
a possibility for future communication. Also, a great/ 
amount of investigation is being carried out onllbrC 
optics as a means for communicationi 

I wish to place on record the pleasure of 
working with Prof. A. K. Sen of the Institute of Radio 
Physics and Electronics, Calcutta University who 
with a band of associates, are maintaining the 94 GHz 
mm wave link at Calcutta. Q 
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Notes and news 


Seminar on Astronomy and 
Mathematics in Ancient and Medieval 
India 

A Seminar on astronomy and mathematics 
in ancient and medieval India to have a dialogue 
between traditional sctolars and university trained 
scientists was held on May 19-21,1987atthePreman- 
anda Hall of the Ramkrishna Mission Institute of 
Culture, Calcutta. The seminar was organised under 
the joint auspices of the Asiatic Society and the Indian 
Council of Philosophical Research. 

The seminar was inaugurated by Swami 
UAeswarananda who noted its novel character in its 
attempt to hold a dialogue between traditional and 
nKxlem scholars. He particularly appreciated the 
remarks of Prof. A. K. Saha, Chairman of the Organ¬ 
izing Committee, about dialogues as distiiKtive forms 
of debates to chuify intellectual problms in ancient 
and modem times. Prof. A. K. Sahaexplained that the 
seminar had be«i structured into three broad areas 
coiKeroed with (a) smne major themes in astronomy 
in ancient and medieval India, (b) similar themes in 
mathematics and (c) a special dialogue between i^i- 
losoi^ers and traditional scholars and university 
traiiied scientists. Dialogues, he maintained, had 
always constituted an importantmethod for enlarging 
the boundaries of knowledge. In this century one of 
the most famous dialogues of all times place 
between one group led by Albert Einstein and another, 
the Copenhagen School, led by Niels Bohr about the 
real nature of quanuim mechanics. The dialogue 
appeared in the form of a scries of papers from the two 
groups which are now classics in the literature on 
physics. Galileo adq;>icd thediaiogue technique when 
he wrote his 'Dialogue concerning two chief world 
systems' which ushered in the age of modem science. 
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Further back, in ancient Greek, Plato pre- 
fentd the dialogue method in expounding the 
tlKH^ls Of Socrates, aldioiigh much of the materials 
jnesented there concerned Plato’s own thoughts, his 
concept of utopia, themy of ideas, cosmogony and so 
on. The importance of the dialogoe method in India, 
was fully recognized as the moat effective method for 
the exchange of knowledge between the teachers and 
the taught. TheSamhitas,Brahmanas,andAra 9 yakas 
provide numerous instances (tf diabgues, but by far 
the most impressive are those of the Upan^ads. The 
MilindaPanha, recording adialogue between Minan- 
der and Nagasena, is mi instance of Buddhist interest 
—• in this form of exchange knowledge. 

Of the two major subjects of die seminar, 
astronomy. Prof. Saha thought, was perhtqis the first 
scioice to be studied in a systematic nuuin^. The 
study was somewhat handicapped by its asspeiatkm 
with the requiremmitsofreligion and rituals. Tlwcase 
of mathematics was different It no doubt emerged 
through the world of experience, but very soon it 
deveI(H)ed its own intellectual stmeture and achieved 
great b^uty and profundity only through the consis¬ 
tency of its inner logic. 

On thefirsttwodaysof the seminar the topics 
were divided in eight sessions as follows: (1) Histri- 
ography; (2) Samhitas. epics and puranas; (3&4) Con¬ 
ceits, theories and procures; (S&6) Problems of 
mathematics; (7) Pr^lems of astremomy and mathe¬ 
matics; (8) Dialogues on issues in astronomy & 
mathematics. 

The 8th session was chaired by Prof. A K. 
Saha who summarised in the first place his reactions 
to the papers and discussions of the previous seven 
sessions. He noticed an understandable pride on die 
achievements of Indian astronomy and mathematics, 
bu\ was disappointed to find any discussion on the 
limitations of thinking, equally important for the 
understanding of the historical development of 
thought. In his own view, astronomy and matitematics 
in India were never allowed to be delinked from the 
damands of utility in practical life such as land survey¬ 
ing, trade, interests, fixation of timings of roligious 
rites and festivals. All this preoccupation was true of 
maihemaiicd development Ujroughoui the ancient 
world in general, but in Greece and later on in Europe 
it began to give way to more abstract and fundamental 
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thinking. This did not happen in India. He further 
thought that (his obsession with practical mutters was 
partly responsible for lack of interest among ancient 
Indian mathematicians in the role of proof in mathe¬ 
matics, and in evolving a deductive method, which 
characterized Greek mathematical endeavour. 

On the nature of mathematics, the main 
theme of the dialogue. Prof. Saha chose to exprcss-ihe 
view of the formalists inspired by Hilbert. According 
to this view, mathematics is the highest abstract pro¬ 
duct and construction of the human mind, which 
stands on the basis created by its inner logical consis¬ 
tency, rigid rigour and freedom from contradictions, 
furthermore, this construction docs not need any vali¬ 
dation from the universe o .side the mind. Sometimes 
the mathematical constructs may be very strange, as 
for example, the imaginary quantity , but when its 
mathematical operations were developed, it became 
useful to the hard headed physicists m introducing 
brevity and compactness in the analysis of many 
physical phenomena. Prof. Saha believed iliat there 
were other views on mathematics which the learned 
parucipanis would discuss in the dialogue. 

The seminar considered four issues which 
were presented by key-note address'cs and followed by 
lively discussions. 

The first issue The nature of matlicmatical 
knowledge’ was inuoduced by Parimal Kami Ghosh. 
He maintained that the concept of mathematical 
knowledge could not be fully defined. It is generally 
admitted that mathematics is to a large extent subjec¬ 
tive, an expression of the human mind, its hard core 
is axiomatic, and it proceeds by intuition and logic to 
various constructions. Another characteristic of 
mathematics as a product of the creative mind is that 
it avoids dogmas. The evolution of mathematics 
makes it abundantly clear that it proceeds from con¬ 
crete to absU'act and then from abstract to concrete. In 
this way we see how imigers led to fractions, then the 
irrationality of the diagonal of a square, the concept of 
a line as a continuum filled by points, from the finite 
to the infinite. He also talked of number class relation¬ 
ship, the Jaina conception of number, and Cantor's 
theory of iransfinite. He concluded that mathematics 
had not found its final philosophy and when it .would 
find it, it would be dead. 


V. Shekhawat in his Key paper on "The 
Nature of Mathematical object^' dealt with the issue 
no. 2. By mathematical objects he meant arithmetical 
objects like natural numbers, algebraic objects like 
sets and variables, and geometrical objects like points 
and lines. He attempted to explain these mathematical 
objects in the light of the Indian experience as re¬ 
corded in the Vaisesika sutra, Satnkhya sutra, Nyaya, 
the S^yasiddhanta, Ganitasara samgraha, Lilavati 
and Bijaganita. As to the concept of number, this is 
implicit in the enumeration of gunas associated with 
dravyas in the Vaisesika sutra and Samkhya charac¬ 
teristics or laksanas. It is possible that the science of 
enumeration originated with the Samkhya Theory. 
Although Vaisesika and Samkhya Sutras both agreed 
on the reality of number, the important difference is, 
while the Vaiscsikas regard number as a property of 
Kala, the Samkhya exponents treat number as an 
evoluie of Praimi or manifestation of buddhi. In other 
words, the concept of number developed intuitively. 
This is also true of the concept of arithmetical 
operations {Purikrania}. The concept of negative and 
positive numbers was not possibly intuitive as it can 
develop, and probably did, in the context of exchange 
of money, Sekhawat further suggests that Sainanya in 
the Vaisesika Sutra is close to the concept of a set. 

A set in order to be conceived as a set must be 
a collection of more than one object. It would be 
impossible to conceive of Samanya if there were nut 
more than one Visesa. He then analyzed the relation¬ 
ship between set and number. In the discussions that 
followed M. Chakravorty, Bibhuti Bhusan Bhat- 
tacharyya and M. D. Srinivas participated. 

In his Key-note address on issue no.3, 
Bibhuti Bhusan Bhatiacharyya discussed the valida¬ 
tion of any sort of knowledge from tlie point of view 
of the Nyaya-Vaiscsikas. This is determined by the 
validity of the instrumental cause of the perception of 
an object which fulfils the requisition of the perceiver. 
A thirsty person receives a fluid cool and transparent 
as water and drinks it. If the object perceived as water 
quenches his thirst the.fulfilment of the requisition of 
the perceiver validates the instrumental cause of such 
perception. If mathematical knowledge, being the 
resultant of the mathematical formula keeping its 
instrumental cause, yields the requisite number of 
things enquired, then the formula concerned is valid 
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uul in due course the resuliwt knowledge also be' 
cones valid. I^uidit Bhidiacharyya further held that 
SastcK formulas, when ai^Ued correctly, should yield 
CQifQCt tesulis provided the terms used are properly 
understood. He cited a verse from the ArthasSstra, 
which gives an idea of cost accountancy in Kauplya's 
time, provided the technical terms used, e.g. 
praka^epa, panyani^patti, /ulka, vfddhi, abakraya 
and anyavyaya are corectly understood. 

M. b. Siinivas discussed the question of 
validation of mathematical knowledge from the con¬ 
sideration of proof. Historians of mathematicians 
generally hold that Indian mathematical tradition, 
although rich in significant results and processes, 
failed to present proof of them. Srinivas showed that 
this view was totally incorrect. Instead of using proof 
as a method of validation, characteristic of Greek 
mathematics, the Indian tradition used the method of 
Upapatti, which loosely translated meant justifica¬ 
tion, derivation, demonstration, validation, and proof. 
Indian mathematical literature*particularly the com¬ 
mentaries are rich in Upapaitis. Several examples 
were given from the texts of the LHavati and the 
Bijaganila, as commented upon by Gape^ Daivajfia 
and K^na Daivajha. As the notion of Upapatti in 
Indian tradition is different from that of protk in the 
Greek tradition, the real purpose of the former being 
the same as that of the latter escaped the attention of 
historians of mathematics. 

The issue no. 4 raised the question of rela- 
tKKiship between different branches of mathematics. 
0; K. Sinha upon whom fell the task of teading.the 
discussions cm this question recognised that any area 
of knowledge, that is, discipline, including mathemat¬ 
ics, vras essentially an aggregate of parts which coiKii- 
tionedthevery^ctureofthediscipliiM. Thisideaof 
a disc^line consisting of parts is also called 'elemm- 
talism*. Thesmnethingisdescribedbyanotherjargon, 
liolism*, in which parts are linked to the whole. Then 
in connection with any discipline he introduced the 
ideaof ^sence and objectand the relation between the 
two. The nature of the two and their |relationship, 
which is ^lecific for mathematics, can be understood 
only throt^ intuitive thhikingi Intuitive thinking, he 
explained, can be simply stated as a c^bility to pli^ 
'objects' and see their idaldve importance. In the 
evolution of mathematics, this intuitive thinking has 
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always played ah active part but it has also signifi¬ 
cantly interacted with logical thinldng. In ^t, th^ 
exists a complementarity between logical thinking 
and intuition,--abackand forth mobility betwemi the 
plethora of experiences and spate of abstractions, hi 
his view, each branch of mathmatics developed on a 
particular intuition which endowed it widi primitive 
notions and truths. With the passage of time it ac> 
quircdaformalizedlanguageofitsownandbuiltupan 
entire edifice from one ilieme, as for example, the 
theory of sets. 

The seminar concluded with a note of satis¬ 
faction that it considered in depth some of the impor¬ 
tant areas of astronomy and mathematics developed in 
ancient and medieval India and discussed the {^ilo- 
sophical implications of these sciences, particulariy 
mathematics. q 

S.N.Sen 


WHO Collaborating Centre on Drug 
Information at CDRI, Lucknow 

The World Health Organisation has estab¬ 
lished a "WHO Collaborating Cenue on Drug Infor¬ 
mation" at Central Drug Research Institute, Lucknow. 
The National Information Centre for Drugs & F^- 
maceuticals (NICDAP), a sectoral discipline-oriented 
Information Centre under the NISSAT Plan of the 
DSIR, Ministry of Science & Technology, Govt of 
India, operating at CDRI since October 1977, has 
been chosen for this purpose. 'Hiis Collaborating 
Centre is the first of its kind established by WHO on 
Drug Information and the collabtxation with WHO 
•has become effective from February 1988 for a period 
of four years. The Centre will act as a focal point for 
infoimattm activities in the area of drugs & pharma¬ 
ceuticals fqr die 11 member-countries of the South 
East Asian region which include, besides India, Bang¬ 
ladesh, Bhutan, Burma. Indonesia. Democratic Re¬ 
public of Korea, MtUdives, Mongolia, Nepal, Sri 
Unka & Thailand. Thaterms of reference are given 
below: ’ 

(1) To develop and maintain an information 
base on sources of manufacture of drugs, in- 
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eluding that on medicinal plant .sub.sumcc 2 » 
and dosage Ibrms. prevailing prices and 
terms of registration, patent status particu¬ 
larly within the countries of the Region. 

(2) Maintenance and updating of comprehen¬ 
sive scientific dam on drugs, to support re¬ 
quest for bibliographic information from 
Member States of the Region. 

(3) To undertake training of WHO fellows in or¬ 
ganisation of drug information system. 

The work plan indicates that the Centre will 
provide information on availability of raw materials 
required for formulation of essential drugs and their 
international prices, production technology of some of 
the essential drugs, therapeutic information on essen¬ 
tial drugs, patent laws for new drugs, on registration of 
the drugs in the countries of this region and training of 
nationals in drug information system. 

The "WHO Collaborating Centre on Drug 
Information" was formally inaugurated by Dr. 
Chaiyon K. Sanyakom, Director, Programme Man¬ 
agement, WHO/SEARO, New Delhi on 5 April 1988 
at Lucknow. Inaugurating the Centre, Dr. Chaiyon 
said that the rational useof drugs was crucial for active 
promotion of Primary Health Care, particularly in the 
developing countries and this could be achieved by 
providing appropriate information on drugs. He fur¬ 
ther added that a large number of drugs were entering 
into the therapeutic armamcniorium of physicians 
who are unable to keep themselves abfeast with their 
rationale, efficacy, adverse effects, interaction and 
availability. The need of creation of a data base on 
different facets of drug information lias, therefore, an 
important role to play in WHO’s Action Programme 
on Essential Drugs, which in.iurn, will help tlic World 
to achieve WHO's motto "Health for All by 2000 AD" 
The Centre could be utilised by Member 
Countries for obtaining information on any ptirticular 
drug, to enable national authorities to arrive at a 
decision whether a drug should or should not be 
registered or marketed in the country. Several devel¬ 
oping countries have not as yet established even the 
mechanisms for registration of drugs, he said. A 
number of countries in tltis region aic keen on the 


development of national drug information centers and 
Dr. Chaiyon added that the scientists at NICDAP 
could render assistance to them in organising national 
level drug information centre. The need for such a 
centre was felt by WHO in view of allegations that tlie 
phannaceiitical manufacturers had been duryping 
drugs'^ pharmaceuticals of doubtful quality and saf- 
tcy in the third world counties and not marketing in 
their own countries. Dr. Chaiyon conveyed his grate¬ 
fulness to Govt, of India, CSIR & Director, CDRI for 
this kind gesture of accepting WHO's proposal to 
establish the Collaborating Centre and to permit the 
facilities at NICDAP to utilised by the Member 
Countric,s of WHO globally. 

A key note address was delivered at the 
inauguration by Mr. N. V. Satyanarayana. Director, 
Informatics (India) Pvt. Ltd., Bangalore on the 'Impact 
of Information Technology on Drugs & Pharmaceuti¬ 
cals Infoimation Sy.stem'in which he stressed the need 
tocreute more and more databases in the field of Drugs 
& Pharmaceuticals for instantaccess. Healsobrought 
out clearly how, in future, the blending of computeri¬ 
sation, communication and other ^lied areas will 
bring the needed information to the researcher's work¬ 
ing place in the right package and at the right time. 

Dr. M. M. Dhar, Director, CDRI presided 
over the function. Welcoming the guests. Dr. Dhar 
pointed out in his presidential address the importance 
of information in research and thanked the WHO for 
recognising NICDAP and establishing this Collabo¬ 
rating Cenue here. He assured WHO that the Centre 
will put all Its efforts to help the Member Counties in 
the collaborative activities. 

A Union Catalogue of Current Periodicals of 
LUSLIC (Lucknow Special Libraries Consortium) 
Libraries has been released on this occassion by Dr. B. 
N. Dhawan, Scicniist-in-Direcior's Grade, CDRI. He 
congratulated LUSLIC for bringing out this valuable 
document which will be a very useful tool for scien¬ 
tists in their research activities. He requested that 
jipdating of this Catalogue should be done at regular 
intervals and added that this will be ver^ easy as the 
database is computerised. ■ Q 
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The taste of tea 

Got a looihachc or u stomach disorder ? 
Then, why not soothe the pain with a cup of lavender 
or mclissa tea. While on the topic of medicinal herbs, 
if you keep a strict natural diet, try seasoning any one 
of your meals with organically grown oregano, sage, 
salvia or thyme. These are some of 30 different local 
Israeli species grown by David Doron at Mitzpe 
Hararit, a new community village with 19 families in 

Galilee's Central highlands. 

Doron, an electro-optical engineer formeiiy 
employed at Rehovot's Weizmann Institute, settled 
five years ago with his London-born wife at Hararit— 
Israel's sole transcendcntalmcditation centre. Having 
chosen this life-style, biodynamic methods of agricul¬ 
ture neatly fitted in with his quest for balanced and 
better living. His initial training at Mikve Israel, 
Israel's first agricultural school near Holon, served 
him well in his adult transition to farming in Galilee. 
Immersing himself in his new profession with system¬ 
atic thoroughness, he started researching carefully 
local plant life, its climatic conditions, soil require¬ 
ments and diseases. 

"From a dietetic or medical view-point", 
stresses Doron, "Israeli-grown herbs enjoy a signifi¬ 
cantly higher quality of fats than herbs grown in other 
countries around the world. Organic agriculture is 
intelligent farming", he adds, commenting that he 
selected the field because of its cerebral challenge and 
contribution to a healthier society, as well, of course, 
for its excellent economic i^ospccts. 

Unlike classical Sri Lanka, Doron's planta¬ 
tion is a mere one kre plot on a rocky hillside 
overlooking the scenic beauty of Nctufa Valley. Yet 
Hararit's aromatic herbs and spices make delicious 
competition even for Earl Grey's prestigious brews. 
Currently, the plot yields some 3,000 kg of dried and 
processed hei^ kraves. Plants are grown outdoors 
and (Hganically fertilised. Being perennials, maxi¬ 
mum yields are obtained several years after planting. 
No insecticides or pesticides are a(q>licd and plant 
diseases are ermtrolied through natural selection, by 
introducing predatory insects to the infected areas. 
The quality the heital Mend starts with harvesting. 
This is dem manually, the leaves and; stems being 
hand-picked from only the healthy-plant populations. 
To keep the herbal binds dry', the leaves arid flowers 
ate drik indoors in conditions of low humidity in 
large mesh wire Itays at tanperaum of30-40°C, 5 hr 
a day for 2-3 days. The reuun their outdoor 
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fresimess and aroma for about a year. 

According to Doron, the same herbs that go 
to make tea and iqiiccs can be used fur therapeutic 
purposes as well. He recently, for example, began 
preparing herbal teas from locally grown red basil, 
which is said to cure indigestion, nausea and vomiting 
and hibiscus blossoms and leaves for alleviating anti- 
somatic disorders. A brew of hyssc^ or thyme leaves 
soothes nervous tension, depression and anxiety, 
whereas mint tea is meant to tackle insomnia, dizzi¬ 
ness and toothache. 

Most of Doron's customers are local visitors 
at Hararit's transcendcniai meditation centre, whilst 
others are tourists who, having heard about the herbal 
blends, drop in to buy a few packets of his attractively 
packaged product. Doron's large customers include 
Israeli natural-health food stores and practitioners of 
natural medicine. 

The Jewish National Fund is to help Doron to 
improve his herbal farm by granting him money to 
purchase mechanical harvesters and consuiict en¬ 
larged drying and packaging facilities. The Jewish 
Agency will prepare exua rocky terrain at Hararit for 
factory facilities and expand tracts of land for cultivat¬ 
ing the herbs. These measures will allow Doron to 
increase his workforce at harvest stime, which at 
present consists of two young girls from nearby Kib¬ 
butz Avtalyon. His immediate plans arc to persuade 
farming villages and regional councils in iheGalilec to 
organically cultivate extensive tracts of Israeli herbs 
and 10 plant them as decorative shrubs in public 
gardens and parks, reserving him conuacted rights to 
harvest the yields. Savings in productiem costs and 
manpower will enable him to develop improved proc¬ 
essing methods and more attractive wholesome pack¬ 
aging distribution, locally and abroad. □ 

News from Israel 


Abundance of raw material 

A recent study has revealed abundant raw 
material are readily available in the iKHih-cast region 
of India to be harnessed for setting up agro-based 
indusuics there. According to the study, conducted by 
S. C. Naikbf Rourkcla Regional E^inecring College, 
prospects arc very bright for setting up at Imt nine 
agro-based industries like furfural, oxalic acid, active. 
carbon', sodium silicate, water- and fire-resistant bri¬ 
quettes (anifleial coal) from agricultural wt^tes, ed¬ 
ible oil from rice bran, agro-based insecticides, be¬ 
sides mushrixims. 
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Any pcniositn-bcaring substance Ibrmcd the 
main source of the versatile commercial chemical- 
furfural—usually produced by the steam distillation 
of raw material in the presence of a catalyst. However, 
economic considerations bring down the available 
choice of raw material to a selected few even though 
production of furfural from coffee husk, rice husk, 
sawdust and tea husk have been reported. Of these raw 
materials, rice husdc and sawdust are suitable for the 
region which is rich in them. 

The principal uses of furfural are for making 
derivatives like furans and tetrahydrofurans, as a se¬ 
lective solvent in the refining of lubricating oils, for 
the manufacture of resins, as an exuactive distillation 
medium in the preparation of butadiene from petro¬ 
leum and a decolourising agent 

Oxalic acid, a useful organic acid, can be 
produced from rice husk and sawdust which are 
seated with nitric acid. The processes is economical 
in the sense that a lesscostly acid can be used to oxidise 
about 50% of the cellulose, giving 49 gm oxalic acid 
per 100 gm sawdust. Approximately 20% cellulose 
remains unoxidised to be obtained as residue. 

At least 85 % of nitric acid is recovered for re¬ 
use at the end of the reaction with sodium nitrate 
obtained as a bye-product. Active carbon, mainly 
used for decolourisation and absorption of obnoxious 
gases, besides finding application in any chemical, 
phannaceutical and food industries can manufac¬ 
tured from rice husk also. Sodium silicate widely used 
in the manufacture of adhesives, detergents, silica gel 
and soaps is conveniently made by fusing sand and 
soda ash together at high temperature in a tank furnace 
and subsequently digesting the fused mass in water. 

As the area produces abundant rice husk, the 
sodium silicate industry will do well here, utilising the 
recerlltiy developed process for its manufacture with 
rice husk, ash and sodium hydroxide as raw material. 
The major advantages of the process are that it is 
simple, involving low-capital invesunent, its easy 
adoption by the small sector even in the rural areas, 
low-fuel consumption and the reaction takes place at 
a low temperature as compared, to the conventional 
process, besides providing a useful means of disposal 
ftH* the huge quantities of rice-husk ash. 

Prospects are also vefy bright for setting up 
water and nre-rest.stant paper boards, ideal for use in 
low-<x}St housing projects, as they are cost-efficient 
due to their light weight, using the locally available 
jute sticks and paddy straw. Solid compressed fuel, 
made Out of forestand agricultural wastes, is ideal for 
the region with its rural and semi-urban areas, offering 
the niw material a plenty. Unlike dung c^e and 
firewood, fuel briquette is easy to handle, ignite, has 
low-ash content and only a small volume of smoke. 
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The region, witli abundant rice production, can 
bean ideal host to rice-bran edible oil mills with balch- 
solvcnt capacities as low as 5 tons bran per day. □ 


The Statesman 


New antibiotic defense in animals 

A previously unknown chemical defense 
against infection has been discovered in the skin of 
frogs. Michael Zasloff, National Institute of Child 
Health and Human Development (USA), has isolated 
from frogs two closely related peptides, each 23 
amino-acids long, killing a variety of bacteria, fungi 
and protozoa in test-tube experiments. He discovered 
these peptides called magainins, after the Hebrew for 
shield, while investigating why frogs given surgical 
incisions do not develop infections. The magainins 
appear to act, at least in protozoa, on ion pumps in the 
membrane, which disrupt the cell’s osmotic regula¬ 
tion. Magainins are the only chemical defense system, 
distinct from the cellular and humoral immune sys¬ 
tem, to be found in vertebrates. □ 

Bioscience 


Greenhouse effects 

A team of American and British scientists 
have concluded that weather-pattern changes, pre¬ 
dicted by greenhouse-effect models, may already 
have started appearing. After comparing precipitation 
reports over major continents since the mid-19ih cen¬ 
tury, researchCTS noted that over the last 30-40 years 
th(^c has been a significant increase in rainfall in the 
mid-latitudes (35®-70'’N) and a corresponding de¬ 
crease in the lower latitudes (5®-35‘’N), whereas rain¬ 
fall at the equator has vari^ little. These changes 
match those predicted by computer models of warm¬ 
ing by the greenhouse effect. Increasing carbon diox¬ 
ide in the aunosphere and the resultant higher air lem- 
peralures may also denote 60-80% worldwide rise in 
crop yields by the middle of the 2l5t century, accord¬ 
ing to a USDA report. Previous estimates of a 30% 
increase did not consider the effect of higher tempera¬ 
tures on carbon utilisation by crops. □ 

Bioscience 
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BOOK REVIEWS 


Rjbulose Bisphosphate Carboxylase-Oxy¬ 
genase—edited by R. J. Ellis and J. C. 
Gray, published by the Royal Society, 
London, 1986,165 pages. 

This treatise contains 14 chapters written by 
invited speakers who participated at a meeting ar¬ 
ranged by the Royal Society in the December, 1985. 
In fact, the preceding of this meeting was published 
first in Philosophical Transactions of the Royal Soci¬ 
ety of London, Series B, Volume 313, pages 303469. 
An attempt has been made to cover the different 
aspects of the enzyme Ribulose Bisphosphate Car¬ 
boxylase-Oxygenase (Rubisco) which catalyses both 
fixation of COjin the process of photosynthesis and 
release of COj in the proces&.of photorespiration. 
This is a key enzyme which takes part in the first step 
of both photosynth^s and photorespiration. These 
are, in fact, mutually opposing metabolic processes; 
the former leads to an increase in carbon content of the 
(xganism and the latter to a loss of carbon from the 
organism. Thus, the balance between photosynthesis 
and photorespiration conu'ols the overall agricultural 
productivity and this balance is determined by the 
intrinsic properties of this enzyme. In the first article, 
the role of Rubisco in photosynthesis and in the sub¬ 
sequent article its role in photorespiration are reported 
by D. A. Walker et al. and A. J. Keys respectively. 
Naturally, the next question arises as to how both the 
activities of the enzyme are regulated. This has been 
discussed by W. L. Ogren et al. Next few lectures are 
devoted to structural and functional characteristics of 
Rubisco containing both large and small subunits as 
well as a binding protein for large subunit. But which 
was not discussed is perhaps a protein molecule which 
regulates the assembly of 1^ and S, into an tK^tive 
molecule of Rubisco. Two forms of Rubisco (L, and 
L,S,) of almost equivalent Carboxylase and Oxyge¬ 
nase activity have been isolated from different photo- 
synthetic bacteria. It has also been further discussed 
that a unicellular Cyanobacterium evolved to Cy- 

which were evolutionary precursors of chloro- 
plasts of both green- and ndng^een algae. The latter 
protMtbly diverged firom ancestors of green algae as 


evidenced by the occurrence of L and S subunit g^tes 
ftv Rubisco in the chlort^ast genome of chiomo- 
phytic algi», Olisthodiscus luteus. In conuast, the 
gene for the S subunit was integrated into the nucleus 
in the evolution of green algae and higher plants. 
Structural features of Rubisco have been well dis¬ 
cussed. Rubisco is btffiel-shapedandhasasymmetry. 
The four-fold axis runsdown an open central channd, 
concentric with the barrel. The affinity-labelling 
studies and comparative sequeirce analyses have iden¬ 
tified two different lysine residues at the active site of 
Rubisco. They occupy positions 166 and 329 in 
Rodospirillum and positions 175 and 334 in spinach 
enzymes. The carboxylation of RuBP is a unique 
reaction catalyzed by this enzyme. The overall reac¬ 
tion is at present dissected into five steps. This aspect 
is very ably discussed by C. H. Lorimer et al. The 
recombinant DNA technique has also been applied to 
isolate and characterize the gene for two subunits of 
Rubiscoi The small subunit in higho' pldnts is en¬ 
coded by a nuclear small mulligene family. A 33-base 
pair sequence around the TATA box region has been 
shown to be involved in light inducibility of this gene. 
In trangenic Petunia plants. It is established that 352 
base pairs of 5* upstream sequence is sufficient ftH* 
light inducibility as well as leaf sp^fic expression. 
The use of chimeric genes harbouring small subunit 
transit peptide sequences to study transport in the 
chioroplasts constitutes another aspect of genetic 
engineering with the chioroplasts. The cloning of 
structural genes for subunit of Rubisco has given the 
prospect of site specific mutation studies to alter the 
relative rales of the oxygenase and carboxylase activi¬ 
ties. The higher plant Rubisco genes can be expressed 
in £. coli. What is needed is to develop a transfrmning 
system for the chloroplast though partial claim to use 
Ti-plasmid for this is encouraging. Definitely success 
in introducing foreign genes in the chloroplast will 
constitute fuUire studies and impart an impetus to 
dissect the chloroplast on molecular basis. The diffi¬ 
culty in keeping up with the progress in (his area of 
research is enormous. Because up-to-date informa¬ 
tion is lacking in such treatise where information 
explosion does occur in the case of a Rubisco as well 
as chioroplasts molecular biology per se at a faster 
rate. Howev^. this ueatise is a valuable one and the 
researchers in this field will have another book as a 
reference to consult with. Q 

B. B. Biswas 
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Letters 
to the editor 


Thunderstorms over Guwahati—A case 
study 

Thundersu^ activity over North-eastern 
region is one of the important problems to be studied 
in detail. Noimaily, the damage caused by it is 
immense. It is a meso-scak phenomenon and as such 
long range forecasting is not yet possible. Several- 
methods were tried by earlier workers^*’ to forecast 
thunderstorms which had some limitations in their 
usage due to poor communication and data facilities 
available in this region. Hence, an attempt has been 
made to ftnd out the applicability of differential ther¬ 
mal advection formula* to forecast thunderstorms in 
this region, especially fev Guwahati. 

Thermal advection (A) can be written as 

A*-V.VT (1) 

Where V is the wind vector, T is the tempenuure 

(degrees absolute) and V is the horizontal differential 
opmtor. 

The Differential Thermal Advection 
here after referred to as DTA) is obtained by 
differentiating the equation (1) 



As a first approximation, vertical gradients 
in the equation (2) can be replaced by differxmee 
between 5(X) mb and 850 mb levels and V and T refer 
to 700 mb level.. Then equation (2) t^es the form 

g.-<v.-vj.7r.-v..»(r_-Tj (J) 

Where Temperature at 700 mb level 
Wind vecttvat 700 mb level 
V() horizontaldifferaidaltvcraior 
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DTA values have been computed using 
equation (3). The hcvizontal gradients in equation (3) 
are assumed as difference between two adjacent ob¬ 
servations at a single station assuming continuity in 
the atmosphere. 

• 

Upper air observations collected at India 
Meteorological C«itre, Guwahati for three cases of 
thundersunms occurred on 8 January, 18 March and 
23 Ajx-il of 1987 were used in this study. 

It is proposed that a negative >^ueof DTA is 
very conductive to severe thund^storm*. Calculated 
DTA values for Guwahati are represented in Table 1. 


TABLE 1 DUr«raiUal Tbcrmal Advection (DTA) velucs 
for three difrerent caset of thundentoriM over 
GuWhheti 



Dale 

7-1.S7 

8-1-87 

8-1^ 

9-1-87 

Cue 

Time 

12 GMT 

00 GMT 

12 GMT 

00 GMT 

I 

DTA 

-29.91 

-9.67 

5176 

-6.03 


Dale 

16-3-87 

17-3-87 

17-3-47 

18-3-87 

Ctie 

Time 

12GMt 

00 GMT 

12 GMT 

00 GMT 

n 

DTA 

5.67 

-13.43 

-38.95 

33.18 


Dau 

21-4-67 

22^4-87 

22-4-87 

23-4-87 

Cue 

Time 

12 GMT 

00 GMT 

12 GMT 

00 GMT 

m 

DTA 

1J3 


-0.58 

2U1 


The results showed that the values calculated for 7 
(12 GMT) and 8 (00 GMT) January ate negative. The 
storm occurred on 8 January at 14 hr (GMT), 14 hr 
after a negative DTA value. For 17 Match at ()Q GMT 
and 12 GMT, DTA values were observed to be nega¬ 
tive and the sumn occurred cm 18 March at 00 GMT 
that is 12 hr after the negative value of DTA. Simi¬ 
larly, the calculalitms for 22 April at 00 GMT and 
12 GMT showed negative values of DTA and the 
storm occurred after 121^ of negative value of DTA. 
In all three cases, thunderstorm was (4)S^ed to occur 
atleast 12 hr tfier changing negttive DTA value to a 
positive DTA value. This indicates thatDTA could be 
utilised as a iHedictra for thunderstorm activity over a 
12 hr interval at Guwidiati. Positive wind shear 
between 500nib and850mb levels and st^ lapse rate 
of tempoatua s^TOO mbleveiccmtnbuied tonegative 
values of DTA. 
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Howcva, detailed studies ate in iMogiess, 
using mne number of cases. 


S. A. HAKEEM 
L KRISHNA MURTl* 

Dqwnmem of Earth Sciences, 

MuipiirTIiiivenity, Imphal. 

Rtetind: 9 Stpttmbtr, J987. 

Rnistd: 17 May, 1988. 
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Solanum nigrum complex: Occurrence 
of triploidy in nature 

Members of SoloRum nigrum L. complex 
are highly variable i^ienotypically as well as cytol- 
ogically and form a polyploid complex based on 
n*12. The qiecies are predominantly self-pollinat¬ 
ing, butout* andcross-bieedingcanoccur.andnaural 
intm-andmier-qiecifichybridizadcn.especiaUy with 
die smaltor -flowered ^ploid, have now bera re¬ 
ported*'’. In addition, certain qiecies exhibit consid- 
enUe genetic variation, both flotally and vegefa- 
dvely. The limits of both phenotypic plasticity and 
genetic variation that are tolerable by different taxa 
havebeen assessed from wildpopulation. Genetically 
variaUe traiUs in diem have also been recorded in the 
adgr^auts following artificial hybridization. Cross- 
li^ty studies amtmg the diffeientspecies of the com- 
pln estabUshed that the d^kad (Solanum america- 
mm KfilL) and the leiraploid (SMUosum Mill.) ^- 
des were easily ciossaUe. Natural hybridiza^ 
between these two has been recorded*, kcan. there¬ 
fore, be presumed dut they hybridize rather fieely in 
synqMtric populmkos. The present rc^xirt deals with 
theoccuiieiHe(4tii|dddhybrididanrfiroma natural 
halntat with di|doid. tetiaidoid and hexigiloid plants. 

vols4.no. 7 


The hybrid plant is vigorous with abundant 
flowers but no fruit on it The sicriliiy of triploids will 
reasonably account for the absence of fruits’. The 
triploid i^t is fully pdltm-sterile. Gray* and Hen¬ 
derson’ reported that l^ge number of collapsed, un¬ 
stained pollen grains are usually indicative of hybrid 
origin of any plant of this complex. Cytology of the 
hybrid plant confirmed its triploid nature CFig.l). 
Diakinesis and metafdiase I revealed univalenls, biva- 



Hgi. 1-2: (1) SoouKic dHomotcmci ^ ■ 36; (2) Meuphaie I 
ilwwiiig 9,'t- 9, 4^ 3. ki ifiploki x ISOO 


lents and trival«its with various fret^cies (Fig. 2). 
Chromosome association at metaphase I, was 
7.80,4>11.40g4-1.80g,. Chromosome irregularities of 
the t^loid included fieqi^t laggards and chromatin 
iHidges. Chromosome were also disposed in five or 
more groups instead of four at telophase II indicating 
structural differences between parental genoines. It 
has been assumed, on the basis of meiotic studies, that 
the trifdoid originated from the diploidS. (unericanum 
xthetetraploid 5.vr7/o5umafiernaturalbylMidization. 
It is further assumed that the widely occurring hexap- 
loid form has evolved from spontaneous doubling of 
chromosomes of such triploid plants’.. 

RNS is thankful to UGC fot financial assis- 
timee as R.A. 
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Richardia scabra L.—A new record for 
West Bengal 

An angiosperm collected Iroin Liliuih of 
Howrah District, West Bengal turned out as a new 
report for the state following iis ideiuificaiioii on the 
txisis of available literatures, specimens at the Central 
National Herbarium, Shibpur and a thorough .scrutiny 
of floristic work on West Bengal as enumerated in 
1973 by Basak* and mostly those appearing later 
on*'“. This specimen is preserved in the Herbarium 
of Maulana Azad College, Calcutta. 

The salient features of the plant is registered 
to facilitate easy identification with notes on its com¬ 
mon synonyms, occurrence and economic use’l 

Richardia scabraL.S^.?\.y}tQ. 1753. (Rubiaccae) 
R. brasiliensis Gomel, Mem. Ipecac 31.1801. 

R. pilosa Ruiz, ct Pav. FI. Peru. 3:50, t. 279 b. 1802. 
Richardsoniapilosa (Ruiz, et Pav.)H.B.K. Nov. Gen. 

Sp.‘3:350.1820. 

Plant a prostrate, annual, densely pilose 
herb; stem quadrangular with characteristic divergent 
branching. Leaves sub-sessile, elliptic to oblong, 
narrowed at the base. Stipules connate into a cup with 
setaceous appendages. Flowjers in terminal congested 
capitate clusters subtended by 24 involucral foliose 
bracts, hexamerous, scssilc,white. 

Stamens 6-8. Ovary 3-cellcd, densely papil¬ 
lose with persistent calyx. 

Seed one in each cell, hispidulous. 

Flowering and Fruiting : November -May. 

Field notes: A prostrate herb, somewhat 
ascending, occurring in and around railwayiracks. 

Distribution : Pantropical, a native to 
South America. This was first introduced in Shillong 
and now it has been reported from other pans of 
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Meghalaya, Andhra Pradesh and Uttar Pradesh. 

Economic use : It is used as hay or for 
pasturage. This plant, commonly known as 'undulated 
or false Ipecac’, is a substitute or adulterant of true 
Ipecac. 

Specimens examined: Anantagiri, Vi«akha- 
pamam Dt., Andhra Pradesh, all. c. y(X) m, N. P. Bala- 
krishnan 819 (CAL), Liluah, Howrah Di., West Ben¬ 
gal. 27.5.87; Mukherjee & Namhata 1020. 
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Addition of two dinoflageliates to Indian 
freshwater algal flora 

The members of dinoflagellaiae are mostly 
recorded from marine and brackish water* *. Cera- 
liuni is a well-known genus of this class. The specie 
of Ceraiium cause waterbiooms** *'* that appear for 
shorter periods and are considered as indicators of 
water quality. Although their roll in freshwater habi¬ 
tats is not known, some worker have reported that 
most of the iaxa secrete certain toxic substances which 
affect Uic population of fishes and mollusc^ A During 
SCIENCE AND CULTURE. JULY, 19U 



the course of investigation on the freshwater algal 
flora of Bareilly and its environs, the authors came 
across two species of Ceraiium, viz, C.furca (Ehr.) 
Clapdrede & Lackmann and C. hirudinelta (O. F. 
Muller) Bergh., whieh also happen to be first records 
of freshwater dinoflagellaies from India. Both species 
were collected from Ramganga river (Bareilly), Uiuu 
Pradesh during March-April 1987. 



hgt. 1-2; (1) Ctmiwn furca (Hhr) Qaparede and Lackmann. 
(Z) Ceraiium hiriadinella (0^ R Mutter) Bergh. 


Ceratium furca (Ehr.) Claparede and Lackmann. 
(Fig.l). 

A medium-sized species epitheca narrowing 
rapidly apical horn longer than broad, drawn o6t into 
a long apical tube; antapical parallel, both more or less 
pointed, frequently toothed; epitheca 92*98 um long, 
girdle 47-50 urn broad; cellslS0-18S um long. 

The present form resembles the type but 
for the length i.e. Cells are longer than the type (151.3- 
157.8 nm). 

Distribution: Australia^ Kamafuli^ and Bay 
of Bengali 

Ceratium hiruiuUneUa (0. F. Muller) Bergh. (Fig. 2). 

Cells dorsiveniTdUy flattened, epitheca long 
and becomes gradually narrower; hypothec^ broad 
with three hind horns diffeiradated in size and direc¬ 
tion; epitheca 120-126nffl, long gitdle4849nm broad 
cells 210-220 nm long. 
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The leiigtii of ceils of present laxa is more 
than the type (165,3-176.7 nm). 

Distribution : This a very common from 
especially in hard-waier lukes^ North Euroi)e’, North 
Asia^. Kurnafuir, Great lakes urea, America* and 
Bay of Bengal’. 
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Effect of cultural fa«brs on crude pro¬ 
tein production by Selerotium rolfsii 

Rice straw is a major agricultural by-product 
in the tropical countries and is mainly used as catifc 
feed. The digestibility of rice straw in ruminant in only 
about 30 per cent due to its high lignin, silica contents^ 
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and the crystalline structure of its cellulose. There* 
fore, rice straw must be either processed or suf^le* 
mented to overcome these limitations before it can be 
used as animal feed*. 

Fermentation of cellulosic materials for 
production of protein using bacteria, yeast and fungi 
has been reported by a number of woricers^^ 

The present paper presents the results on the 
effect of the some variables on the protein production 
by Sclerotium rotfsii from rice straw. 

Sclerotium rolfsii was isolated in our labo¬ 
ratory by soil enrichment technique* and identified by 
the IHvision of Mycology and Plant Pathology of our 
Institute. The culture was maintained on potato dex¬ 
trose agar slants strxed at 4'*C and sub-cultured once 
a month. 

Glucose-yeast extract broth'* was inocidated 
with a few bits of an actively growing culture and 
incubated at 28 ± IT on a rotary siuiker (120 rpm). 
The 3-S day old mycelium along with broth was ho¬ 
mogenized in a [»e-sterilized blender at high speed f(v 
30 sec. 

The rice straw was soaked in IN NaOH in the 
ratio of20:l (w/v) and autoclaved 13 psi for 30 tniiL 
The material was washed free of alkali and ground to 
meshrsize of 16. 

The culture was in SO ml of a basal 
medium', taken in a 250 ml Erlenmeyer flask, con¬ 
taining 0.5 g substrate (sterilized at 121T for 20 
min.). The flasks were inoculated with 2.0 ml of the 
inoculum and incubated at 28 ± IT on arotary shaker 
for 7 days and harvested by filtration through filter 
papa* Whatman No. 1 and washed. Then the produce 
was dried as 60T, weighed and used for estimation 
of total nitrogen. 

Crude protein was estimated from the total 
nitrogen (micro-k^ldahl) and multiplying the value 
by a factor of 6.25. Protein recovery (mg/g straw) 
emulated as follows: 

% crude i»otcin x wl of unutilized substrate 
plus mycelium x 2. 

Higher crude protein of 18.51 per cent and 
protein recovery of 102 m^g of alkali treated rice 
straw (AT rice straw) was obtained in continuously 
shaken culture as compared to stationary and intermit¬ 
tent shaking. The favourable effect d shaking on 
protein production has been reported^' Most of the 
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studio have been carried out in shake culture or 
fermenter except solid state cultivation for.production 
of fungal cdl mass. However, more than double the 
cultivation time was required for sdid state cultiva¬ 
tion as compared to stirred tank reactr^. 

Tlw effect of different levels of aeratiop was 
suidied by vaiying the volume of growth medium in 
flask. It was noticed that maximum crude ixroiein 
(18.81%) mid protein recovery (106 mg/g of sub¬ 
strate) was obtained with SO ml lvoth and thereafter it 
decreased with increasing volume of the medium. 
Thus extent of aeration affected the growth of die 
or^uiism whkh in turn influenced the crude protein 
content. 

The effect (tf size of inoculum on {voiein 
production by 5. ro^sii showed a positive correlatioo 
among the crude protein content, the [Moiein recovery 
and sizeof inoculum uplo aoertainlimitand thereafter 
no significant increase in crude protein was obtained. 
Five per cent inoculum was fmind to be optimum. 
Simile results were rqxuted with Aspergi'I/urterreur 
using alkali treated bagasse. 

The effect of initial hydrogenionccxicentia- 
tion of growth medium on the growth of 5. roZ/sti iVith 
AT rice straw showed that maximum crude protein 
(21.3%) and protein recovery (116 mg/g of substrate) 
was attained at pH 4.5. The optimum pH for organism 
varied from one organism to another viz. pH 4.5 for 
CocMibolus specifer*', pH 4.0 for Aspergillus ter- 
reus^, and pH 4.0 for another strain of A. terreus\ 
The effect of incubation temperature on 
protein production was obtained at 30*’C. However, 
there was difference in protein content when the 
temperauire was decreased to 25T and increased to 
35T. 
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Effect of pre-sowing treatment of 
mustard seeds with leaf- and 
inflorescence-extracts of 
Chenopodium ambrosioides 

Chenopodium ambroshides Linn, is 6 tall 
strongly aromatic glandular herb bearing oblong- 
lancedate leaves, flowers in simple or panicled spikes 
and obtuse seeds. A native of Mexico, it is a recently 
introduced weed in India and found in moist undis* 
uirbed waste places along roadsides and near gar- 
dens‘ This species is distributed in Kadimir.CenU’al 
Panjab, Bihar, Maharashtra, the Deccan and Western 
Gh^ up to 7,000 ft above sea level^’ in addition of 
West Bengal. The plant was used medicinally by the 
American Indians in the days of Columbus and seeds 
have been used as a household remedy against intes¬ 
tinal parasites*. 

As a noxious weed, C. ambrosioides flowers 
from April to September in the vicinity of Calcutta. It 
emits a vigorous camphoiaceous odour and excludes 
other species in its h^itat Anything which prevents 
a seed from sprouting and discourages a specie from 
thriving must have a pow^ful influence on the 
constitution of the plant C 9 mmunity’. This .could 
perii^ indicate an aUelopithic effect and led to a 
comprehensive study, revealing the presence of ger¬ 
mination and growth inhibitms in C. ambrosioide^. 
The present communication embodies the results 
frun studies on the effects of pre-sowing troatment 


widi two exttacts of C. ambrosioides tm vegetative 
and reproductive phases of mustard ifirassica cm- 
ptMris L w. dichoioma Watt.). 

Actively growing plants of C. ambrodoides 
were collected during 1976-78. Leaf and inflores¬ 
cence from each species was separated. Extracts woe 
prepared by crus^g 100 gm plant tissues in a Btyaj 
mixer with glass-distilled wat». Each type of extras 
was filtered through Whatman (No. I)filti9rpaperand 
nitrate brought to 250 ml with adrfltions of water. 
Each nitrate fbnned the stttidard plam extract (1:2 J) 
flom which otho’ concentrations like 1:5,1:10 and 
1:20 were ma^ by way of dilotimi. 

Before sowing, 50 surface-sterilized (2% 
sodium hypochlorite for Iflmin.) mustard seeds were 
soaked in various concentrations of both leaf- and 
inflorescence-extracts for 12 hr. Seeds were then 
sown in Petri-di^ (11 cm diam.) and flower pots 30 
cm diam.), using Iqamy garden soil in each case. 
While germination counts were taken fiom seeds in 
dishes, seedlings appearing in pots woe thinned down 
to lOperpotand^owedtogrowtbmaturUy. From 
these mature plants, plant heigiit, number oflxanches. 
fruits and seeds as well as seed weight were recorded 
These data were subjected to statistical analysis and 
the levels of signiflcance determined 

Mustard seeds, pretreated with 1:2.5,1:5 and 
1:10 concentration of the leaf-extract, produced sig- 
nifictfit reductions in germination when set on Petri- 
dishes raiher than on soil where only 1:2.5 cotuentra- 
tion was inhibitory (Table 1). Inthisconnectkm, 1:'2J 
and 1:10 concenuations were more inhibitory ui Petri- 
dishes. There was no sharp drop in height and branch 
number of plants arising from the pre-treated seeds, A 
decline in fruit output was evident in plants derived 
from seeds soaked in maximum concentiatmn (1:2.5) 
of the leaf-extract. No significant lowering of seed 
output was recorded in plants originating from pre¬ 
soaked seeds. A significant decrease in seed weight 
was obtained from plants after pre-soaking in maxi¬ 
mum poncoitration of the leaf extract whereas an 
increase m seed weight was noted after treatmmit with 
1:5 concentration. 
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for 12 hr 


Giowih perimeter 

Control 


Leaf 




Inflofcicenoe 



mam 



iMJHi 




Geradneikn (%f * Pelrididi 

98.0 

77.0 

85.0 

94.0 

98.5 

57.0 

78.0 

91.0 

96b 


±a82 

13.42** 

11.29** 

10.82** 

±0.96 

±2.65** 

±3.16** 

±165* 

±2.16 

Pol 

98.5 

92s0 

96.0 

98.0 

99.5 

75.0 

85.5 

93.0 

99.0 


ia96 

±0.82** 

10.72 

10.82 

10.90 

±3.11** 11.71** 

±1.29* 

±0.51 

Plant height^ 

64.2 

63J2 

66.9 

65.3 

67.9 

62J 

61.3 

63.6 

65.4 


1180 

12.40 

13.54 

11.06 

12.22 

±Z97 

±1.83 

±1.52 

±1.24 

Number 6f bnadiM^lant * 

4.60 

3.80 

5.00 

3.70 

4.00 

3.30 

3.40 

3.60 

450 


10.48 

10.44 

ia6S 

ias6 

±0.61 

10.63 

±0.65 

±0.30 

±0.79 

Number of fruiu/|dant ^ 

53.3 

38.0 

56.1 

50.9 

56J 

34.1 

34.8 

34.7 

40.9 


14.21 

14.31 

19.90 

14.07 

17.68 

±3.66** ±4.01** 

±4.12** 

±5.87 

Number of leedi/fruit * 

14.5 

14.3 

16.5 

15.3 

15.2 

14.3 

16.1 

15.1 

15.4 


10.85 

10.70 

10.95 

±0.84 

±0.74 

11.19 

±0.82 

±0.99 

±0.93 

Weight of 100 seeds (gm) ^ 

0.170 

0.159 

0511 

0.167 

0.171 

0.152 

0.154 

0.153 

0.157 


10.003 

10.001** 

10.004** 

10.002 

±0.003 

±0.002** ±0.009** 

±0.001** 

±0.002** 


a = Average of 4 lepUcations; b, c, d s Avenge of IQLplanu; e. s Average of IS fruiti; 
f = Avenge of 10 it{dication of 100 seeds 
* Significant at P ■ 0.0S: ** Significant at P ■ 0.01 


Seeds, pre-soaked wiih 1:2.5,1:5 and 1:10 
concentrations of the inflorescence exuaci, showed a 
significant drop in germination values when set on 
Pciri-dishes and potted soil (Table 1). Here also 1:2.S 
and 1:5 concentrations were more inhibitory than 
1:10. No significant difrcn*^nre in plant height or 
branch number were induced by pre-sowing seed 
trcaunenlwith the inflorescence-extract. A decrease 
in fruit output was evident in plants which arose from 
seeds soaked in the three higher concentrations of the 
inflores^nce-exiract. There was no reduction in the 
number of seeds per fruit by pre-soaking. A remark¬ 
able fall in seed weight was obtained from plants 
derived from seeds so^ed in all concentrations of the 
inflorescence-extract. Sugha^ observed that soaking 
of pea {Pisum sativum) seeds in the tuber-extract of 
superb lily (Gbriosa superba) had stimulatory effects 
(Ml growth characters and the long-duration soaking 
inhibited the germination and seedling growth of pea. 
In the present case, the duration of pre-soaking had not 
been iludicd and the effect of various concentrations 
at a liiigie pre-soaking had been pursued. It was quite 
possible that leaf- and Infloresccnce-cxiract of C. 
omfiroskM'der contained inhibitor($) which acted as an 
deterrent not only to seed germination and seedling 


growth but also to more mature phases of plant growth 
and development This was also true for the leaf- and 
inflorescence-extracts of the non-aromatic species of 
Chenopodium, C. mural^. However, the reduction in 
inhibitory activity was such that it could be strikingly 
detected by the highest concentration of leaf- and 
inflorescence-extracts of each species. 
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Umbelliferone in rooting of mungbean 
cuttings 

Umbelliferone (UNQ is considered as the 
true parent of nearly all the naturally occurring 
coumarins^ CoumarmsareconvmedtoUMbysome 
soil microgranisms^, but the process in not yet de> 
tected in higher plants. Promotion of rooting by 
coumarin has been reported^ This paper reports the 
effect of UM on root formation in mungbean cuttings. 


placed under the same condition as described fiv 
raising of seedlings. The roots protruding from cut^ 
tings were counted 7 days afW tmm^sion. The 
experiment was repeated 6 times. 

UM has root tR-omoting activity and at 30 Dig/ 
ml it increased rooting by 19*102% compared to 
9*27% at 25 ng/ml (Table 1). At SO ng/ml treatment 
for one day, rooting increased by 92% but in 2 days 
treaunent the same concentration enham^ed it by 
102%. The present results show that, in mungbean 


TABLE 1: HTect of umbelliferone on rooting in mungbean cutUngs 


Treaunent 






Number of roots* 

days 

0-1 

1-2 

2-3 

3-4 

4-6 

Umbelliferone 

H.0 

H.0 

H,0 

H.0 

H.0 

11.211,01 

SOngAnt 

UM 

H.0 

H,0 

H.0 

H.0 

18.312.11 


UM 

UM 

H,0 

H.0 

H.0 

21.412.13 


UM 

UM 

UM 

H,0 

H.0 

22.614.11 


UM 

UM 

UM 

UM 

H.0 

17.813.10 


UM 

UM 

UM 

UM 

UM 

17.212.89 


H.0 

UM 

UM 

UM 

UM 

13.312.13 


H.0 

H.0 

UM 

UM 

UM 

13.212.28 

Umbetliferonc 

HO 

H.0 

H.0 

H,0 

H.0 

10.91113 

2S ng/ml 

UM 

H,0 

H,0 

H.0 

H,0 

12.711.89 


UM 

UM 

H.0 

H.0 

H.0 

^ 13.612.22 


UM 

UM 

UM 

H.0 

H.0 

13.81116 


UM 

UM 

UM 

UM 

H.0 

13.21112 


UM 

UM 

UM 

UM 

UM 

11.911.78 


H,0 

UM 

UM 

UM 

UM 

11.91108 


H.0 

_ !!£ _ 

UM 

UM 

UM 

11.91108 


a. Mean of 60 culling* and siandard eiror of the mean 

Mungbean seedlings were raised on a seed 
tray (25 x 20 x 4 cm) over a vermiculite media under 
worm white fluorescent tubes at 700 Im fr* in a 16- 
h photoperiod and 2SX temperature. Initially the 
trays were covered with glass sheet for 3 days after 
saturation with water. The seedlings were ready on 
the fifth day of sowing when the leaves were not fully 
expanded. Uniform seedlings were selected and the 
hypocotyl cut with a razor blade 40 mm below, the 
cotyledonary node. The cotyledons were removed by 
hand and four cuttings were placed in a S ml vial, 
containing 4 ml of test solution. Umbelliferone 
(7*Hydroxy-2H-l-bcnzopyran*2-onc; 7-Hydroxy- 
co* narin) was collected from M/S Sigma Chemical 
Company Ltd., U. S. A. and the test solutions were 
made by dissolving it in glass distilled water. Five 
vials were used for each treaunent The cuttings were 
VOL 54, NO, 7 


cuttings UM is a rooting stimulator and treaunent with 
50 ng/ml for 1 day has been proved to be sufficient 
The effect of UM on rooting has shown two different 
effects, viz., a root promoting and a root inhibitory 
effects which are dependent on the concentration of 
UM as well as duration of treaunent The inhibitory 
effect of UM on rooting was earlier reported in 
Phaseolus vulgaris cuttings^. 
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Thermostability of extracellular 
amylase of Meso- and Thermophilic 
fungi 

Thennostable amylases are variously used in brewing, 
textile and pharmaceutical industries'. However, 
extracellular amylases secreted by thermophilic fungi 

have been reported as heat stable^ Moreover, thermo¬ 
philic bacteria and actinomycetes have been used for 
the-production of thermostable amylase’. 

With this i^ospects the present investigation 
has been designed to study the thermostability of 
amylase produced by mesophilic (Paecilomyces vari- 
oiii) and thermophilic (Humicola grisea) fungi. 

Humicola grisea and P. varioiii were iso¬ 
lated from wheat straw compost and garden soil re¬ 
spectively. Both the fungi woe screened on the yeast 
powder soluble st^h (Ypss) agar plates using 
Lugol's iodine on the basis of clearing zone at 40X 
and 30®C respectively. 

Erlenmeyer flasks containing 60 ml of starch 
yeast extract (SYE) broth (0.5% soluble starch, yeast 
extract, 2 g/1, KjHPO, lg/1, MgSO*.7Hp, 0.5 g/1, 
pH6.8)wereautoclaved(151bp.s.i.prcssurcfor 1 h). 
The fl^s were inoculated separately with an agar 
block (5 mm) cut from actively growing margin of //. 
grisea and P. varioiii^ incubated at 45X and 30T 
respectively. The hyphal mat was nitcred after 6 days 
through Whatman No.l filter paper. The amylase 
activity of the filuate was determined quantitatively 
by using DNS (Diniirosalcilic acid) reagent* at 20T, 
25*C, 30®C, 35X. 40'>C, 45*C, 50T, 55®C, 60T, 
70®C,80®C,90“C respocUvdy. The enzyme activity 
wasexpressedasUnitenzymein 1 ml of filtrate releas¬ 
ing 1 mg of reducing sugar from 1% starch solution in 
lhai45’Cai pH6.9. 

It is evident from Tidile 1 that H. grisea did 
not produce amylase at 20T, its activity gradually 


TABLE 1: Thermostability of amylase of/f.gmM andP. 
wo/ioUi 


H. grisea 

P. varioiii 

Temperature 

(^) 

Enzyme unit 
(mgAnl)* 

Temperature 

TO 

Enzyme sBit 
(mg/ml)* 

20 

0 

20 

W 

25 

l.I 

25 

2.5 

30 

1.9 

30 

3.7 

35 

2.8 

35 

4.0 

40 

3.8 

40 

2.9 

45 

4.2 

45 

1.0 

50 

4.1 

SO 

0.8 

55 

3.7 


0.3 

60 

3.5 



70 

3.2 



80 

3.0 



90 

2.5 




^Reducing sugar mg/ml 


increased with increasing the temperature upto 45 T. 
//. grisea displayed maximum amylase activity (4.2 
mg/ml) at45-50®C, which declined slowly from 50 to 
90®C and persisted at 90“C for a period of one hour. 
The mycelial dry weight of H. grisea at 45X after 6 
days of incubation was 134.0 mg/60 ml. 

The amylase activity of P. variotu was 
maximum (4.0 m^ml) at 35®C but above 35®C, activ¬ 
ity declined sharply upto 45*^0 and thereaft^, gradu¬ 
ally declined upto 55^C. The amylase of//, grisea was 
more thermostable than that of P. variotii. Ther¬ 
mostability of amylase producing suains could be due 
to their genetic adaptibility to carry out their biologi¬ 
cal activities at higher temperature. 
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Settling and feeding respond of brown 
pianthopper, Nilaparvata lugens Stal on 
some newly evolved rice cultivars of 
Orissa 

Host selection by phytophagous insects is a 
chain reaction of behavioural and physiological proc¬ 
esses (plant stimuli'inscct response) in which each 
event facilitates the unfolding of the next one'. BPH 
feeding activity studies is one of the assay methods to 
differentiate the degree of resistance/susceptibility 
among the rice cultures and to identify BPH bioiypes^ 
In the Entomology Department of the Orissa 
Univeraity of Agriculture and Technology (OUAI), 
Bhubaneswar sealing and feeding response of BPH on 
6 rice cultivars were studied. In a choice test. 100 
newly emerged brachypterous females mildly immo¬ 
bilized by COj were released in.the centre of a clay pot 
having 4S-day old seedlings of test cultures planted 
randomly in a circle. Plants ai^d insects were caged in 
a mylar cage. Insects settled on respective cultivars at 
12, 24 and 36 hr post-release period were counted. 
For feeding response test, another replicated experi¬ 
ment was conducted in which a single 4S-day old 
seedling of eiu:h of the test cultivar was grown in clay 
pots. Bromocrcsol green-treated filter paper (2 mg/ml 
ethanol) was placed on the soil lop. The basal region 
of each seedling was hou^ in an inverted transparent 
plastic cup (feeding cage) in which 3 pre-disposed 


brachypterous females (3-day old) were introduced. 
Honey/dew excretion of BPH on coming into ctmtacl 
with filter paper developed into blui^ green spots. 
The six-ead of the spots was proportional to the quan¬ 
tity of honey dew excreted. 

Significantly greater number of hoppers- 
settled on/aya during 12-36 hr period as compared to 
Daya and Pratap (evolved by OUAT) Sinna Sivappu 
and lET 7575 followed by Utri Rajapan. Honey dew 
excretion, which had a bearing on the quantity of food 
ingested, was the maximum in/aya followed by Utri 
Rbjapan and Daya. BPH had the least feeding piefer- 
rence for Pratap, Sinna Sivappu and lEJ 7575. Ac¬ 
cording to the above response the cultivars were 
graded as susceptible (/aya), resistant {Daya, Pratap, 
Sinna Sivappu, lET7575) and tolerant {UtriRajapan) 
(Table 1). 
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TABLE 1: Settling and feeding response of BPH on 6 rice cultivars at Bhubaneswar (India) 


Cultivar Cross Insects settled (%) h after release* Area of honcydew spread** 

15--36 (n«n‘) 

' . . .. ■ . . . ■■ ■ ■ ■ .. .M l — , .1 


Jaya ' 

TNlxTMI 

26a 

36t 

46a 

236a 

Resistant 

Daya 

Kumar x CR 57-49 

8c 

6c 

5c 

98b 

Praup 

Kurtiar x CR 37-49 

8c 

6c 

4c 

62b 

Sinna Sivappu 

Sri Lankan Cv. 

4c 

3d 

Id 

60b 

IET7575 

Sona X Manoharsali 

17bc 

9c 

7c 

72b 

Tolerant 

Utri Rajapan 

Indonesian Cv. 

20ab 

19b 

16b 

216a 


* Av. of 3 replications 
** Av. of 4 reifications 

In a column means followed by a common tetter am not significanUy diHerent at P • 0i)5 by I^iRT (Duncan's Mutii|fe 
Range Test). 
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Studies Oil the biology of Homoeosoma 
sp. (Lepidoptera: Phycitidae) 
a bud borer of Ixora singaporensis 

Ixora spp. are perennial evergreen flowering 
shrubs widely grown in lawns and gardens for their 
ornamental value. Perusal of literature reveals that no 
record of pests cm these important ornamental plants. 
During the course of observation, the bud borer//<?- 
moeosom sp. was noticed to feed and cause consid¬ 
erable damage to the flower buds during August- 
September 198S in the campus gardens of University 
of Agricultural Scienccs.Dharwad. Reportsareavail- 
able with regard to H. ellectellum on Sunflower seed 
head<;«ausing extensive damage from Oregon\ Can¬ 
ada^ and'South Georgea^ Since no information is 
available on the biology of Homoeosoma, which is a 
new r^rt gn Ixora spp. an attempt has been made 
to study the biology of this pest on I. singaporensis. 

The experiment was conducted in the labora¬ 
tory at temperature ranging from 21 to 29^ and 31 to 
60 per cent relative humidity. A known number of 
Homoeosoma sy. adult pairs from laboratory culture 
were released in insect cages with the host inflores- 
ceiKic. Eggs laid on each day were collected with a wet 
camel hair brush and 50 eggs were kept for hatching. 
Immediately after hatching, the larvae were trans¬ 
ferred on to fresh /. Singaporensis buds maintained in 
3 replicates in pctn-plates of o cm diametre provided 
with wet blotting paper at the base to maintain the 
required humidity. Tte feeding material was renewed 
daily in the morning, until the larvae pupated. Data on 
the egg, larval, pupal period, fecundity and nature of 
damage were recorded. 

Mating took place alter moth emergence 
during cool hours. Before copulation, the male moths 
were active and excited, while the females were pas¬ 
sive. The moths mated end to etid more than once 
during their life. The mating period lasted from 1 to 
S minutes between 8 to 10 pm and 5 to 6 urn on the next 
day of emergence. Eggs were laiil individually within 
few hours, after pairing, on the flower buds, corolla or 
sepals. Tlia oviposilion period ranged from 3.00 ± 
0.61 days to 4.12 ± 0.11 days. 

# £|g : Freshly laid eggs were transparent, 
turned to dirty white towards hatching. Then >vere 


globular, measuring 0.66 ± 0.01 mm with a flat bot¬ 
tom. The eggs hatch during cool hours with an 
incubation period of 5.00 ± 0.00 days. 

Larva ; The newly hatched.larva selected a 
suitable place, fed by scrapping the soft surface of 


corolla and bOred into the flower bud. As the larva 
reaches the last stage, they fed voraciously on<petals. 
constructing galleries out of flne silken material and 



Fig. 1. Homoeosoma sp. larval damage to Ixora buds. 


excreta (Fig. 1). In severe cases of damage, the whole 
flower bunch gets skeletanised. The larvae occation- 
ally attacked the vegetative buds and young leaves. In 
nature, bored buds failed to develop or bloomed with 
tiny holes. There were five instars with a larval period 


TABLE 1: Devdopment of Homoeosoma sp. on Ixora 
sUigaporeitsis (Number observed 20) 


Suges of development 

Duration (Days) 

Incubation 

5.00±b.00 

Larva 


First instar 

2.6010.44 

Second insur 

2.8010.40 

Third insiar 

2.6010.44 

Founh insur 

2.5010.50 

Fifth insur 

3.6010.71 

Total larval development 

14.0810.24 

Pupa 

10.7910.65 

Total development 

29.8010.84 

Period 


Lcngeviiy 


— Female 

6J011.23 

-Male 

S.3310.44 

Fecundity 

2a50±6.02 
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or 14.08 ± 0.24 duys (Tabic 1). Tlic cxiciU of damage 
10 ilic flower buds during August>Scpicinbcr, varied 
from 14.00 to 45.12 percent. 

First instar : The body of newly hatched 
larva was pale white, turn to pale yellow after 24 
hours. The first instar larva measured 3.44 ± 0.27 mm 
in length and lasted 2.60 ± 0.44 days. 

Second instar : The second inslar larvae 
measured 4.25 ± 0.27 mm in length, had pale red body 
covwed by setae. The instar lasted for 2.80 ± 0.40 
days. 

Third instar : The larva measured 4.69 ± 0.20 
mm in length, became crimsoned with distinct long 
setae, lasted for 2.60 ± 0.44 days. 

Fourth instar: The larva was dark red with 
conspicuous setae, lasted for 2.50 ± 0.50 days, meas¬ 
ured 5.75 ± 0.53 mm in length. • 

Fifth instar : The larva was similar to the 
fourth instar, measured 6.97± 0.11 mm in length and 
occupied 3.60 ± 0.71 days. At this stage, larvae 
wriggled when disturbed. 

Pupa : In the laboratory, pupating caterpil¬ 
lars constructed fine silken cocoon, within which 
pupation took place and the color gradually changed 
to brown as the age progressed. The pupa measured 
6.30 ± 0.19 mm in length. The pupal period lasted for 
10.79 ± 0.65 days. The total developmental period 
lasted for 29.80 ± 0.84 days. 

Adults ; Homoeosoma sp. is a delicate straw 
colored moth with dark brown fore wings and light 
straw colored hind wings. The females were bigger 
with 6.33 ± 0.20 mm wing expanse, lived for 6.30 ± 
1.23 days. The males were comparatively smaller 
with a wing expanse of 6.11 ± 0.52 mm and lived for 
5.33 ±0.44 days. Fecundity ranged from 10 to 29,.with 
an average of 20.50 ± 6.02 eggs (Table 1). 

Host range : In addition to/, singaporensis, 
the pest was also observed to feed and breed on Ixora 
bandhuca Roxb., /. chinensis Lum., /. duffii Moore, 
I. fktva, /. tnacroihrysa T. & B. and /. parviflora 
Vahl., which are grown in the college campus and 
Botanical Gardens of Karnataka University. Dhar- 
wad. 


Authors ate grateful to the authorities of 
Commonwealth Institute of Entomology, London, for 
identifying the insect. 
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A new disease of Gossypium arboreum 

Karunkanni Cotton, Gossypium arboreum 
L. is a widely cultivated fibre crop in many parts of 
Tamil Nadu. During July-August 1987, the incidence 
of crown gall was noticed in isolated patches at the 
University Farm, Coimbatore. The affected plants 
exhibited stunting and yellowing of leaves. Forty- 
five day-old plants were severely affected and seldom 
produced flowers. The pathogen produced yellowish 
brown galls at the crown region telow the soil level. 
The gall was irregular in shape, 6-10 X 4-7 cm in size 
(Fig. 1). Microscopic examination of the gall tissue 
revealed parenchymatous cells having no fungal 
hyphae or spores, but containing profuse bacteria. 

The pathogen was isolated in pure culture in 
lactose yeast-extract medium. The morphological, 
cultural and biochemical characters of the pathogen 
were examined by standard methods*. The bacterium 
is gram negative, rod-shaped; non-spore forming; 
measuring 2.6-3.2 ^ x 0.2 utilises glucose and 
produtes acid; p(»itive for indole and produces no gas 
in peptone broth. Glucose, fructose, sucrose, manilol 
and lactose are utilised as carbon sources. The bacte¬ 
rium resembles the one described by Gibbs and Shap- 
ton’ and identified as Agrobacterium tumefacieas 
(Smith and Townsend) Conn. The pathogenicity was 
proved by Koch’s postulates. A bacterial suspension 
(10’ cfu/ml) injected at the collar region of 30 day-old 
Karunkanni cotton plants raised in pots containing 
sterile soil produced typical crown-gall symptom 
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.Hf. 1. Pltatt diowiag gaB ^ofitaa 


aftcr3Sda3rsofinocuJation. Ttusisanewrqpoit(tfdie 
Qisaaisin causing crown«gaU disease on cotton. 

L MOHAN 
P.LAKSHMANAN 

Dipt of Phot Pathology. 

Tam Nado Agricuhuia] Univerii^. 

Coambaton • 641003. 

R. E Baohaitn and N. E. Gibbons. Beigy’i Manual of Deteimina- 
liva Bactoiology, 8ih Edition, 1974, p. i;i6S. (WUliaint and 
Wifldnf. Baltimore). 

'B. M. Oibbi and D. A. Shapion, The Soc. Appl. BacierioL Tech. 
SeriBi.2.196g. 

Alternaria blossom blight of 
Chrysanthemum 

Chrysanthemum {Chrysanthemum indicum 
L.) is an important omamenud cultivated in many 
parts of India for its flowers. Incidence of a severe 
Uossoffl blight has been consistently observed during 
the mmisbon months in the exp^imental farm of the 
Institute and in growers fields. The disease was mjcne 
serious in the cultivars ‘Local Yellow* and ‘Flirt'. On 


young buds infection is first seen as small black qxas 
which soon enlarge. The infected buds shrivel, turn 
brown and drop prematurely. This ‘bud blast’ symp- 
tmn develops n^idly eqiiecially in nxiist warm 
weather. In qien flowers, the ray florets first show 
small brown to black spots which also soon ehle^e ro 
that the blooms become defivmed and shrivelled. 
The ray florets become short, narrow and incurved 
and th^ number is reduced (Fig. 1). Sometimes 
partially opened flowers are infected and the individ¬ 
ual Aoreia tum'brown and shrivel. 

Occasionally small circiUar to irregular ne¬ 
crotic spots appear on the foliag These spots coa¬ 
lesce and allege resulting in withering and defolia- 
tirni (Cleaves. 

The pathogen was isolated fronv infected 
flower budsv florets and leaves on potato dextrose agar 
(PDA) and later purified by single conidial transfer. 
On PDA, colonies were effuse, hairy, grey to dadr 
Mack with branched, pale olivaceous brown hyphae. 



Hg. l.Uec^tyayiaMjDayoaif faudivMlputiiJly* 
o p coed flowgff 
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CcHiidiopbores (56-150 pm long, 2.5-6,25 lun mde 
(av.88.^x 5 uJn) arose in groups of 2-6, they were 
sitppte or occasionally branched, straight or fl^oious. 
senate, pale to mid divaceous or goldoi ^wn and 
bore solitary conidia. Conidia were obclavate to 
ellipsoidal, 37.5-75 x 10-15 urn (av. 51.87 x 13.12 
pm) pale to mid-golden brown, smooth with a short 
pale conkal or cylindrical beak which did not extend 
mere than one third the length of conidium. Thoe 
were two to five transverse septa with two or ihore 
oblique longitudial septa. 

Pathogenicity was tested by spraying young 
buds, fieshly opened flow^s and also leaves of sus¬ 
ceptible cultivars with conidial suspension. Typical 
symptoms developed 7-10 days after inoculation. 
Cultures obtained by reisolation from induced lesions 
were identical with the original isolate. Control sets 
remained healthy. Morphology and other diagnostic 
characters indicated that the pathogen was Alternaria 
tenuis Auct (» A. alternata ^r.) Keissler). A subcul¬ 
ture of the fungus has been deposited at the Common¬ 
wealth Mycoiogical Institute, Kew, England under 
I. M. I. No. 271154. 

Alternaria tenuis is known to cause leaf spot 
disease of Chrysanthemum indicum in Maharashtra’ 
and other ornamentals like Centuria cyanus L. and 
Bougainvillea spectabilis Will*. A. chrysanthemi is 
> also known to cause a leaf spot disease of Chrysanthe- 
} mum indicuit^. This blossom blight hitherto has been 
rolled previously from India. 

The authors are grateful to the Director, 
Commonwealth Mycoiogical Institute, Kew, England 
for the identification of the fungus species and the 
Director, Indian Institute of Horticultural Research, 
Bangalcre, for necessary facilities. 
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Stoinach toxicity of dillubeimiroiil 
(Dimilin 25 WP) against the larvae^of 
mustard leaf webber CncidohnUk 
binotaUs Zdl (^ralidae: Lepidoptare) 

Diflidienzuron (mailreted as Dimilin 25 WP) 
is well known as a chitin synthesis inhibitor in insects. 
It is categoried as a fourth generation insecticidefor its 
selective action. It is h(^ that this chomcal will 
occupy a status in future pest managenrent pro¬ 
gramme. ThechemicaiisalsorqxirtedtohaveaCBirly 
high degree of ovicidal, larvicidal and pupiddal prop¬ 
erties against various insect pests. Italsocausesmtn- 
phogenetic deformities in eggs and pupae. A series (tf 
laboratory tests on the biological ^ectiveness of 
diflubenzuron (Dimilin 25 WP) against the larvae of 
mustard leaf webber, Crocidolomia binotaUs Zell; 
were undertaken in the Dqiartment of Entomology, 
College of Agriculture, Bhubaneswar (fairing winter 
1985. This pest has occupied the major pest status in 
the mustard growing belts of Orissa, West Bengal, 
Bihar and some parts of Andhra Pradesh. Attempts 
have been made to findout the stomachdoxicity ofthis 
compound against the various larval instars of mus¬ 
tard leaf webber at different concentrations i«. 
0.025%, 0.05%, 0.1% and 0.2% in replicated experi¬ 
ments. 

The test insects were reared in the laboratory 
on a high yielding mustard variety “Varuna” as per the 
rearing technique developed by Pani and Rout* To 
test the stomach toxicity, leaf dip method was em¬ 
ployed. Ten pre-conditioned larvae (larvae without 
food for 6 hours before treatment) of various instars 
were taken separately in separate petri-dishes. Mus¬ 
tard leaves were dipped separately in diflubenzuron 
suspension prepared at four concentrations Le. 
0.025%, 0.05%, 0.1% and 0.2% for 1 minute. The 
treated leaves were then dried under fan. Such leaves 
were then supplied in different petri-dishes to dm - 
preconditioned larvae. Aft^ feeding (or 6 hours the 
leaves were replaced by untreated leaves. Observak 
lions on the mortality of the larvae were taken at m 
interval of 24 hours upio 5 days. During the period^ 
Observation'only untreated fresh leaves were si^plied.' 
to the larvae for feeding. The mortahl^ data 8^ 
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TABLE 1: MorUlily of different larvol insters of mustard leaf Webber, C. binolalis Zell, at different foncentralions of 
diflttbenzuron suspension by leaf dip method with exposure period of 6 hours 


Larval 

Concentration 


Morulity percentage after different hours of post treatment period 

insUn 

(%) 

54TiiFs 

48 hn 

72 hn 


mws 



Mortality 

Moru- LC„ 

Moru- LC„ 

Moru- 

LC. 

Moru- LC„ 




lity 

lity 

lily 


Uiy 

First 

0.025 

3.3 

33.3 

73.3 





0.05 

0 

46.6 

76.6 





0.1 

6.6 

53.3 

83.3 







0.0792 






0.2 

10.0 

66.6 

90.0 





Control 

0 

3.3 

10.0 




Second 

0.025 

0 

3.3 

16.6 

33.3 


43.3 


0.05 

0 

13.3 

26.6 

40.0 

0.0786 

46,6 


0.1 

3.3 

20.0 

43.3 

56.6 


63.3 





0.1619 





0.2 

0 

26.6 

53.3 

70.0 


80.0 


Contrd 

0 

0 

0 

3.3 


6.6 

Third 

0.025 

0 

3.3 

13.3 

26.6 


33.3 


0.50 

0 

10.0 

20.0 

33.3 


43.3 








00657 


0.1 

0 

16.6 

36.6 

46.6 

0.1094 

56.6 


0.2 

3.3 

23.3 

46.6 

66.6 


76.6 


Control 

0 

0 

0 

0 


0 

Fourth 

0.025 

0 

0 

6.6 

23.3 


266 


0.50 

0 

0 

13 3 

30.0 


36.6 


0.1 

0 

6.6 

26.6 

36.6 


43 3 







0.1644 

0.1151 


0.2 

0 

16.6 

33.3 

56.6 


66.6 


Control 

0 

0 

0 

3.3 


3.3 


obtained is presented in Table 1 along with the LCj^ 
values calculated by probit analysis. 

It was observed that the first instar larvae of 
mus^rd leaf webber were most susceptible to the 
compound and more than 50% mortality was recorded 

2 days after the treatment at concentration of 0.1 % and 
above. Similarly in case of the second instar larvae, 
more than 50% mortality was noted 3 days after the 
treatment and for 3rd and 4th instars 4 days after the 
treatment. Thus it is indicated that the earlier instars 
arc more susceptible to the compound than the older 
instars. Further, higher conccnu'ations of the com¬ 
pound i.c. 0.1% and 0,2% produced more lethal ef¬ 
fects. 

TheLCjo values calculated by probit analy¬ 
sis arc 0.0792 for the first instar larvae after 2 days of 
treatment and 0.1619 for the second instar larvae after 

3 days of the treatment. For the third and fourth instar 
larvae, the LC^ values were 0.1094 and 0.1644 re¬ 
spectively. Similar results have been reported by 
]^vi and Dale' on Spodopiera mauritia and El. 
Sayed^ on cotton leaf worm and Sodoptcfa litiorplis. 
It is concludt^ that, the older larvae arc tds^ affected 


than the younger larvae perhaps due to the low 
absorption of the toxicant in the gut or may be due to 
the detoxification process by the insect enzyme sys¬ 
tem causing degradation of the active ingredient and 
subsequent excretion through faces. 

The authors express their sincere thanks to 
Dr. N. Panda, Professor and Head Department of 
Entomology, College of Agriculture, Bhubaneswar 
for providing facilities. 

L. K. RATH 
U. K. NANDA 
P. PANDA 
B. K. MISHRA 

Department of iuiioinology, 

G}ilege of Agriculture, 

Orissa University of Agnt. & 1'echnology, 

Bhubaneswar-? S1003. 

Received: 25 November, 1977. 

'S. P. Beevi and D. Dale. J. Eniomol, Res., 4(2), 157-160,19S0. 
‘E.I. \i\‘S»ycd,Bull. Enimnot. Sco.Egypi.,So. 12i 195-201,19S4. 
'S. C. Pani and G. D. Rout, M. Sc. (Ag.) dissertation, OUAT, 1967, 
I p. 36-40. 


240 


SCIENCE AND CULTURE. JULY, 1988 






Natural enemies of rice gundhi bug 
Leptocorisa varicornis Fabrecious in 
. eastern part of Uttar Pradesh 

The rice gundhi h\ig,Leptocorisa varicornis 
Fabrecious has, in recent years, attained the status of 
major pest in eastern part of Ullar Pradesh and adjoin¬ 
ing area of Bihar causing appreciable damage to 
paddy crop chiclly at milky stage by sucking grain 
juice. Itcauscs 10 io40 per cent crop Ioss‘l Panicles 
in heavily infested areas contain many shriveled and 
unfilled grain and usually remain erect*. Besides sev¬ 
eral other reasons, the large scale depletion of natural 
enemies sccpis to be the main reason. The awareness 
of deleterious side effects of an indiscreminaic and ill- 
conceived application of pesticides has revived inter¬ 
est in biological control. Now, in recent years, the 


resetuchison way toconuol the pests by exploring the 
use of effective natural raemies particularly existing 
in the area. Information on various parasites and 
predates of L varicornis and (Mher allied species 
have been reviewed by Srivastava and Saxena*, 
Rotschild* recorded arachnids viz., Eucta sp. 
(Tetragnathidae), Argiope sp. (Argiqpidae) and Th- 
omisus (Thomisidae) feeding on nymphs in the field. 
However, very little is known about parasite/predator 
of rice gundhi bug prevailing in this area. With these 
considerations, an extensive and intensive survey was 
carried out during 1980 to 1984 in Varanasi districis 
of eastern part of Uttar Pradesh to recOTd parasites and 
predators of rice gundhi bug in and around rice field 
in this area. L. varicornis is common species occur¬ 
ring in this area and were found parasitised and pre¬ 
dated by different animals (Table 1). 


SlUS: 


TABLE 1: Record of parasites and predators of rice gundhi bug in 

_ , Varanasi districts of eastern Uttar Pradesh _ 

Name of organism kemarks 

Parasite 

1. Itvscct 

(i) Cryon flavips A few parasitised eggs of rice gundhi bug was coilpeted from in and 

around rice fields almost at all experimental sites. Parasites insert their 
ovipositor in-side host eggs and lay egg. 


Predator 
1. Insect 

(i) Grass hopper* I'hcsc insects were seen feeding on eggs of rice gundhi bug laid on rice 

leaf by way of scrapping the leaf with the help of labial palp. 


(ii) Ant* 

2. Arachnids (spider) 

(i) Plexippus sp.** 

(ii) Marpissa sp.** 

(iii) ipa/'aimysp.** 

(iv) Oxyope rcilana/Tikader 

3. Non-arthropod predator 

(i) Indian toad 
(Bufo rmlorujstkus) 

(ii) Li//.iird 
(Uemidaclylus 
flavivirdis) 

tiii) Birds 

(Acridolheres trLstix) 


These small tiny ants were seen cither feeding on nymphs and adults or 
carrying them to their nests after puncturing in the body of prey. 

These spiders either trapped the adults to the webs & sucked the body 
iluid after paralysing them or jumped over the nymphs of gundhi bug and 
prey them mostly towards the front. 


Aduit gundhi bug attracted to light were observed being ixayed by the 
Indian toads. 

Tlicy were observed preying over the attracted gundhi bugs at the source 
of light. 

TIksc birds were seen feeding on both the stages of rice gundhi bugs in 
rice fields. 


* .Sjxicimcns not identified. 

** .Species not identified. 

VOI.. \0. 7 
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During ihc invcsiigution, the insect parasite 
Gryon flavips was recorded and the predator like 
grass hopper, ant, spiders, lizard toad and bird were 
seen feeing either nympiial or adult stage or both the 
stages of rice gundhi bug (see table). Amongst natural 
enemies recorded, the spiders attacking either nym- 
phal or adult stages of rice gundhi bug seem to be a 
potential group of predator. The two species of 
spiders viz., Plexippus sp. and Marpissa sp. belonging 
to family Salticidac were frequently seen preying 
mostly upon nymphal stages in the paddy field. It is 
evident from the literature that there is no information 
available on this group of spiders preying on different 
stages of this insect. Therefore, any study on this 
group of spiders will be very helpful in establishing 
this predator in our country which can be uikcn advan¬ 
tage in integrated post management programme. 

The authors express their sincere thanks to 
Director, Zloological Survey of India, Calcutta who 
has most generously helped in identifying the speci¬ 
mens. 
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Chemical composition of some of the 
edible fishes of Karwar 

The sea food has been gaining tremendous 
imptMlance in human nutrition. Several efforts have 
bem.made to evaluate the nutritive value of commer¬ 
cially important fishes like oil sardine*’^, pomfrets*;’ 
and other commercially imponant species of 16 
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Indian fishes^. Attempts have also been made to study 
the chemical composition in prawns, clams and crabs 
of India’ *®. 

It is quite evident from above studies that 
most of the studies have been rcsuictcd totally on 
commercially important species. However, informa¬ 
tion on the food value of lesser important comrdcrciai 
fishes which form food for poorer class in the society, 
is remarkable lacking. Hence a study on proximate 
composition was made on less exposed species viz., 
Thryssa dussuniieri, T mysiax, Pomadasys macula- 
tus, P. hasia, Oioliihes ruber and Johnius vogleri to 
evaluate their numiivc value. 

The fishes were collected afresh from the 

landing cenU'cs of Karwar during January-March 
1980 and the samples were prepared for chemical 
analysis after being subjected to preliminary treat¬ 
ment**. 

Water and ash content of the samples was 
determined according to the methods of AOAC** 
Crude protein was calculated by multiplying the total 
nitrogen, obuiincd through micro-kjeldahl method 
with 6.25**. A modified method of Bligh and Dyer 
was used to determine Uic fat content of the samples*^. 
Carbohydrate was estimated by proximate difference. 

The results of the proximate composition of 
different fishes indicated no similarity in any of the 
proximate constituents studied. These variations 
could be aiuibuicd to Halbcrg’s*’ extrinsic and intrin¬ 
sic factors such as the nature of the habitat, feeding 

habits and feeding intensity, breeding state and other 
environmental elements which account for the bio¬ 
chemical variability. For instance, closely related 
species like 0. ruber and J. vogleri exhibited great 
variation in fat and protein content while difference in 
conccniruiion of carbohydrate and ash was negligible 
(Table 1). Similarly Oic species of Thryssa also 
differed in pcrccnuigc of proximate conqxisition. The 
fat (6.55%) and protein (17.00%) contents were found 
to be high in T. mysiax whereas T. dussumieri showed 
companitively a lesser amount of fat (5..'^0%) and 
protein (16.64%). However, higher coiueni of water 
was observed in the latter species (Table 1). Of the 
species of Ponmkuys, P. hasia had high protein 
(76.00%) and fat (6.10%) Uian those of P. fnaculaius. 

The moisture content in the studied species 
ranged from t4.91 in T. mysiax to 76.10% in 0. ruber. 
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TAULE1: IVu^imate conipuaiiUtin in llsh musi'te (% Hd 
vnHsht)* 


Species 

Water 

Fat 

Ash 

Protein 

Carbo- 

hydiaio 

Thryssa dussumieri 

76.30 

5.30 

1.38 

16.64 

0.38 

Thryssa mysiax 

74.91 

6.55 

1.23 

17.00 

0.31 

Pomadasys 

maculalus 

75.80 

5.56 

1.55 

16.73 

0.37 

Pomadasys hasta 

76.00 

6.10 

1.40 

16.13 

0.37 

Oioltihes ruber 

76.80 

5.50 

1.18 

16.20 

0.32 

Johnius vogleri 

76,54 

4.50 

1.10 

17.60 

0.35 


• Average of 10 samples 


ll is iniorcsiing lo note ihal the usli coiucnt wu$ high in 
both ihc species of Potmdasys while the lower values 
were recorder! in sciacnid species ranging from 1.10 
10 1.187o. 

Protein content was minimum in the muscle 
of P. Iiasta (16.13%) and die maximum was recorded 
in J. vogleri (17.60%). Generally the carbohydrate 
concenuation did not vary much in between the spe¬ 
cies. It ranged between 0.31 ('/'. mysiax) and 0.38% ('i'. 
dussumieri). 

Above results indicate tliat all the species of 
fish examined exhibita! a good proportion of protein, 
moisture, fat and ash coiueni whose values can be well 
compared with other commercially important fishes 
like mullets and mackerel**, crab*^, prawns*, tuna'** 
and other species*. 
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Pollination studies in 
Crolalaria jtmcea L. 

The reprtKluctive success of cross-pollinated 
plums (IcpeiKls heavily on the abundance of specifi¬ 
cally ussociuied [Ktllinutors*, und their moqihologicul 
and behavioural atlupiaiions necessary for pollina- 
tion^ \ The present study was conducted during 
Sepienilier, 1984 in sub-tropical Hisar located in 
North-Wesicni plains, of the country between 28® 59'- 
29®46'N(Lalilude)and75® ll'-76® 18’E (Longitude) 
at 215.2 Or vmutude) on die plant breeding farm of 
Haryana Agricultural University, Hisar wherocrofa- 
laria juncca is grown regularly for seed production. 
Hourly observations starling from 0800-18{X) h on 
population/m^ of different bee sijccics were rccort^ 
on C.juncea following Sihag*. The percentage of each 
bee species visiting C.juncea flowers was calculated 
as follows: 

Number of bees of a 
Percentage of each particular species (n) 

bee species (%) * total numto of bees * 

of all the species (N) 

The pollinating effectiveness of each bee species was 
judged by (i) its abundance on the crop, (ii) its (tistri- 
bution pattern on ilie crop, (iii) its availability oa 
seasonal and dSumal basis and, (iv) its morpho-ethol- 
ogicai behaviour on ilic crop. 
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TABLE 1: Pcrcui(»j*« pruporliun of (iiikr<»t bee peliinelors 
on Crolakuia juneea fkiwert during ^ptembert 
1984 


Family Bee 
species 

Percentage proponion* Average^ 

on September 

11 14 19 

Megachilidae 





MegacUli lanaia 

46.45 

48.69 

47.00 

47.38 

M. biocelor 

5.10 

4.46 

3.67 

4.41 

M.flavipes 

8.09 

6.61 

7.38 

7.36 

Apidae 





Apisflorea 

3.66 

4.84 

5.19 

4.56 

A. dorsata 

13.66 

17.59 

18.91 

16.72 

Halictidae 





Nomia.i'p. 

2.87 

2.04 

0.88 

1.90 

Haliclus sp. 

1.86 

1.36 

1.94 

1.72 

Anthophoridae 





X^ocopa fenesierata 1.99 

. 5.95 

7.96 

7.30 

X. pubescens 

3.08 

1.11 

0.88 

1.69 

Pilhitis smaragdula 

7.24 

7.35 

6.19 

6.92 

Total 

100.00 

100.00 

100.00 

100.00 


Etch percenuge vilue is mean of (a) SO and (b) 1 SO observations. 


Data in Tabic 1 show that bee species belong¬ 
ing to families; Apidac, Anihophoridac, Mcgachili- 
dae and Halictidae visited C. juneea flowers. Their 
abundance was in the order; Megachile lanata>Apis 
dorscua> M.flavipes>Xylocopa fenesterata>Puhi- 
tis smaragdula > A.florea > M. bicolor > Noma sp. > 
Haliclus sp. > X. pubescens. Among the various bee 
pollinators, M. /anafa was an important pollinator of 
this crop, since it was represented in large numbers 
throughout the day. Its cmcigence also synchronized 
with the blooming period of this crop. It generally 
alighted on the keel and pressed it down to expose the 
genital column. Megachile lanaia then jerked their 
bodies in such a way that scopa present on their ventral 
side, rubbed heavily against the exposed stigmas. 
Thus the behaviour of this bee species is of particular 
impoitance in seed setting of this crop. Though other 
bee pollinators like Xylocopa fenesieraia, X. pubes- 
cens and A. dorsata with their heavier bodies were 
able to press the keel to expose the genital calumn but 


their peculation was too low to rely upon. The other 
bee pollinators like A.florea, P. smaragdula, Noma 
sp. and l/alictus sp., were much smaller and not effec¬ 
tive to press the keep to expose the genital column 
necessary for pollination. Evidently, M. lanaia is be- 
haviourally, physiologically and morphologically 
better adapted to pollinate flowturs of this crop ba:ause 
it was (i) more abundant than rest of the bees; (ii) 
works consistently at all hours of the day; (iii) distrib¬ 
utes more compactly on the crop as compared to other 
bee pollinators, and (iv) is more easily manageable 
under artificial conditions. 
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THOUGHTS 

I N the month of August every year the thoughts of 
right thinking men and women around the world 
turn towards mankind’s folly committed in 1945 in 
this month. To force surrender from the Japanese and 
bring an end to the world war II, atomic bdinbs were 
dropped on the cities of Hiroshima and Nagasaki on 
5th and 9th of the month thus letting loose the most 
sinister form of horror created by man for the first 
time. The destruction and continued suffering of the 
affected population stunned not only the vanquished 
but the victors too. The world was led into a kind of 
stupor, the recovery from which was rather slow. 

The kind of cold war which began practically 
immediately after thcsecession of world war II, activi¬ 
ties divided the world into two camps with mutual 
suspicion and fear of preptiration of newer and more 
sinister horror devices. The race in sophistication of 
fission and fusion bombs and the accumulated des¬ 
tructive power on both the sides increased to such an 
extent that life on earth could be wiped out completely 
several times over. It is very difficult to understand the 
psychology behind this cumulative process which 
compresses such great destructive power behind the 
single pressing of a switch. A mere sense of self 
preservation would have always accompanied by 
some proportion of self-sacrifice and charity towards 
others. It seems it was a sense of gaining world 
supremacy that lead to the brink of total annihilation. 

However, the common man on the street and 
the sensible people in the world have not forgotten 
those two days in August 1945 and have remembered 
them every year. Thus a sense of world brotho-hood 
for survival created by this movement slowly perco¬ 
lated the intelligensia of the world which in turn 
impressed upon the world powers to feel the realities 
and i^ove tlw feeling of insecurity. The fence of 
jwblic (pinion thus created finally forced the super 
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powers to come to the negotiating tabic and take 
positive steps to make the world a safer place to live in. 
The INF treaty signed in December 1987 was just a 
beginning (See Science and Culture, December 
1987). Since then the neaty has been ratified by both 
the sides and the procedure of destruction of interme¬ 
diate range nuclear arsenel by both sides has begun. 
This year, in this background the Hiroshima and 
Nagasaki days were remembered with a sense of 
relief. 

Reflecting a bit deeper a^out the world and 
its rapid advancement, can we really feel complete 
security ? In 1984 a conference of scientists had 
declared that if a nuclear war broke out, the world will 
be engulfed by such a climatic condition, which they 
called nuclear winter, which would destroy all life on 
earth. It is a sinister thought, but it was arrived at by 
proper scientific reasoning and calculations. Wilh the 
working of INF heaty no doubt we have pu.shed such 
a situation away and with the total control of nuclear 
weapons it might not be created at all. But is the world 
safe from leading towards such climatic conditions 
because of our other activities ? A concerned appre¬ 
hension was expressed recently at a meeting of our 
300 scientists, climatologists, city planners, econo¬ 
mists and politicians from 40 countries meeting in 
Toronto in Canada for four days. According to them 
an unsanctioned globally pervesive enormous experi¬ 
ment that humanity is conducting is tantamount with 
a global nuclear war. The indication was towards the 
grim picture if action was not taken to reverse Ufe 
Greenhouse effect owing to burning of fossil fuels 
which were releasing carbon dioxide chlorofluorocai'- 
bons and other pollution gases. 

The ea^ is surrounded by what is known as 
theozonelayer. It is justa thinly scatteredozememole- 



ailesintherareriedairfiroinlSto40km high. When 
incoming sunlight passes by these molecules on its' 
way to the ground* the ozone molecules absorb almost 
all the ultraviolate components received from the sun. 
Depletion in this layer of ozrnie* ultraviolate perco¬ 
lates to the ground which is dangerous to any form of 
lifeon ground. Sun burns will run wild and so will skin 
cancer. Eye cataracts and deaths from heat waves will 
drastically increase. Plants, food crops and animals 
may be wiped out Now this protective ozone layer is 
thinning owing to an increasing number of pollutants. 
From the discussions in the conference it seems 95% 
of CO mtissions originates from the northern hemi- 
sj^ere and only 5% from the southern hemisphere. 
According to the Indian representative participating in 
the discussion, 85% of the fossil fuel was burnt by the 
developed world and only 15% by developing coun¬ 
tries. He appealed that the developed world should 
bear the* cost of correcting the situation. 

The Secretary-general of the Geneva based 
World Meteorological Organisation called for a law of 
the Atmosphere to both protect this thin shield of air on 
which life itself depends and to ensure the interna¬ 
tional exchange of scientific information needed to 
maintain a continuous watch on our planets most 
important and threatened resource. 

The prime minister of Canada had declared 
in his inaugural address. “ Products and processes that 
conserve energy are rwycled or recyclable, biode¬ 
gradable and free of ozone depleting substances will 
be indentified by a distinctive made in Canada Logo". 

The scientists predict that the impact of 
Greenhouse gases could lead to average globd warn¬ 
ing of upto 4.5®C within the next 50 years. The 


climatic changes envisaged **wiil aggravate the prob¬ 
lem of food security and lead to more frequent in¬ 
stances of fluctuations in food supplies and occur¬ 
rences of famines. Thus it is imperative for govern¬ 
ments and international community to sustain the 
agricultural resource base in the light of the growing 
environmental threat to global good security. 

In another report appealing for cutting down 
the use of chlorofluorocarbons to 50% by 1999, it was 
stated that the warming of the atmosphere would have 
disasterous effect on the whole ecological balance. 
“The deserts will expand. The crops in today’s mar¬ 
ginal areas will be lost. Extremes of eather-i- storms, 
rainfall, frost or heat — may become more common. 
The sea level may rise one meter or more and with one 
third of the world’s population living in low-lying 
coastal areas, such a development will have devastat¬ 
ing consequences". 

The problem stated cannot be solved by a 
single counuy or government and not by scientists 
alone nor politicians alone. It requires the combined, 
concerted efforts of most of the world community. We 
have already seen a couple years back that though the 
Chernobyl accident took place in Russia but practi¬ 
cally half the world was affected and had to take 
precautionary measures. It is also not time to discuss 
and debate which country was responsible most for the 
impending disaster but to think collectively for 
measures to be applied for putting a break on the 
present rate of pollution before the end of this 
century so that we leave behind a livable earth in the 
coming century. Q 

B. B. Baliga 
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This month being the birth month (after the centenary) of Erwin Schfbdinger. 
by inverdng quantum mechanics gave a new direction to modem physics« we are 
presenting in this issue a few articles on his life and works. The accumulated data of the 
pcvious century could be properly analysed and understood in the light of his wc^. 
Physics made rapid strides using it. Schwinger was a great thinker and being in UHich 
with the old school had respect and interest for different philosophies. He tresspassed 
the boundaries of his subject into biology U’ying to understand nature as a whole. Hie 
subject of biophysics may be said to have originated due to his dabbling in biological 
sciences. Many biophysicists have confessed that they were prompted to take up 
research in biophysics after rcadingSchfodinger's little monograph "what is life?" Hero 
we have tried to collect three essays by rather young physicists, which throw light on 
different aspects of Schrodinger's life. This is our tribute to that great thinker .—Editors 


ERWIN SCHRODINGER : A TRIBUTE ON HIS BIRTH CENTENARY 

S. B. RATH* 


The Ma^ 

Erwin Schrbdinger (pronounced as Shroi- 
ding-cr) was born on 12th August 1887 at Vienna, 
Austria. He was educated at the University of Vienna 
and received his doctorate from the same university in 
1910. When the first world war broke out he fought as 
an artillery officer and then settled in Germany after 
the war. He was professor of theoretical physics at the 
Tcchnische Hochschule, Stuttgart till 1920. From 
1921 he was professor of mathematical physics at the 
University of Zurich. It was here that he developed his 
thewy of Wave Mechanics in which he reconciled the 
corpuscular and undulatory phenomena observed in 
the behaviour of light and subatomic particles. For 
this he was awarded the Nobel Prize in 1933 for 
physics which he shared with P. A. M. Dirac. In 1926 
he succeeded Max Planck as the professor of theoreti¬ 
cal physics in the University of Berlin. When Adolf 
Hitler rose to power, he left Berlin in 1933 to teach 
l»‘iefly at Graz in Austria. While stilt in Germany he 
was interceded during a Nazi raid on a Jewish ghetto. 
'nieStormTroopers would have beaten him to death if 
one of them had hot recognised him and prevcnicdihe 
attacic. When Germany usurped control of Ausuia 
too, Schrbdinger left for Ireland to teach at the Institute 
of Advanced Studies in Dublin, of which he subse- 
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quenily became the Director. In 1956 he returned to 
the University of Vienna, after having delivered the 
famous Tamer Lectures at the Cjunbridge University. 
He remained at Vienna till his death 6n lhe4th January 
1961. 

Much of what he has written is inaccessible 
to everyone save specialists in statistical thermody¬ 
namics and wave mechanics. Fortunately, however, 
not all of his works are directed to technical audience. 
Among these mention may be made of‘What is Life?’ 
(1944), ‘ Science & Humanism '(1951), ‘Nature & the 
Greeks' (1954) and 'Mind & Matter’ (1958). 

The Physicist 

After Young and Fresnel light is a waVe. 
'Since then light was a regarded as a wave motion 
because many of its properties could be explained in 
the following manner i.e. the fundamental wavelike 
property was interference: a crest could combine with 
a trough to produce a tranquil place, a light could 
canccll other light; whereas it was difficult to envision 
a particle as having this property. On the other hand, 
some of the properties of radiation require that it be 
treated as’a particle (called a photon) which carries 

*Stocl Authority of India Ltd., Duigapur Steel Plant, Botani Oat 
Miittt, Bolani - 7S8037. 
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some energy ( called a quantum ). By 1920, with 
Planck’s quantum, Einstein’s photon and Bohr’s atom 
it was clear, inspite of its wavelike properties in 
interference and diffraction, that when it came to 
transfers of energy or momentum, light behaved in 
many respects like a particle. Thus, radiation exhibits 
a wave-particle duality i.e. some of the properties of 
radiation are characteristic of waves whereas others 
are typical of particles. The association of wave 
properties with material particles such as electrons, 
protons and neutrons was established by de Broglie 
and was subsequently confirmed by experiment. 

A possible physical interpretation, therefore, 
is that the subatomic particles must be ueated mathe¬ 
matically by the same equations as apply to waves. 

The next step was taken by Schrodinger in 
1926 who applied mathematical procedures to the 
wave-particle duality concept of matter. Through his 
research Schrodinger wanted to combine the Bohr 
atom model with de Broglie’s matter waves. In 
Schr&dingcr’s model the electron could exist in any 
orbit. Around each of these electrons, matter waves 
spread out in a specified number of wavelengths. This 
led to the development of Wave Mechanics which has 
been outstandingly successful in interpreting many 
properties of the atom. Another mathematical ap¬ 
proach, called the Matrix Mechanics, was developed 
at about thesame time. Both are aspects of what is now 
known as Quantum Mechanics. 

With de Broglie and Schfbdinger the confu¬ 
sion was almost ovr and the light not only to be 
treated sometimes as a wave and sometimes as a 
particle, but matter itself, the ultimate, the final reposi¬ 
tory of atomic and corpuscular properties—the atom 
of Democritus, Gassendi and Newton—would now 
associate a wave with them in some mysterious way. 

Contained in what is now known as 
Schrodinger equation, it is the heart of quantum phys¬ 
ics. In 1926 Schreidinger published a scries of papers 
containing his now famous equation and its applica¬ 
tions to many of the basic problems of quantum 
theory. 

As we know, the position of an electron (or of 
other subatomic particle) of definite momentum or 
energy cannot be known exactly because of the 
Heisenberg’s Uncertainty Principle (i.e. It is impos¬ 


sible to determine simultaneously the exact position 
and momentum of any particle, if the position of the 
particle is exactly known, then the momentum is 
completely uncertain and vice versa). All that is 
possible, therefore, is to state the statistical probabil¬ 
ity that the particle will be found at any given point. 
Wave mechanics then postulates that this probability 
can be expressed by a mathematical expression simi¬ 
lar to that used for describing wave behaviour in 
general. In otherwords, the statistical probability of 
finding a particle in a specified position can be repre¬ 
sented by an equation of the same form as that which 
describes the amplitudes of waves, for example, sound 
waves in space. 

Schrodingcr’s wave equation gives the de 
Broglie wave associated with an electron or any other 
particle or finally any quantum system. Given the 
mass of the particle, and given the forces to which it 
is subjected, let us say gravitational or electromag¬ 
netic, then Schrodinger equation gives the possible 
waves associated with this particle; the waves (func¬ 
tions of position and time) give a number associated 
with any position in space at any arbitrary time. And 
they are designated by the hardest working symbol in 
twentieth century physics: the wave function 
psi (x, y, z; t) 

Perhaps the most natural interpretation of the 
wave associated by SchrOdinger and de Broglie with 
the electron would be to say (as Schrodinger attempted 
to do) that in some sense this wave represented the 
density of matter. With this interpretation the elec¬ 
tron, rather than having its entire mass and charge 
concentrated at a point, would have that same mass 
and charge smeared over some region of space, the 
amount of mass or charge in a given region being 
proportional to the magnitude of the square of the 
wave function. 

The SerDdinger equation has many applica¬ 
tion in the study of the behaviour of small particles: in 
particular it was used to explain the spectrum of 
atomic hydrogen more exactly than Bohr had been 
able to do and without the assumptions that Bohr had 
found it necessary to make. 

Einstein in a letter to Schrbdin^cr dated 
December 22,1950 wrote, “you are the only contem¬ 
porary physicist, besides Laue, who sees that one 
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cannot getaround the assumption of reality if only one 
is honest” revealing the degree of scienUHc solitude to 
which his position on quantum theory drove him. One 
may speculate, is this indeterminacy a necessity or a 
reflection of quantum mechanics being an incomplete 
description of nature? 

Schrodinger’s Cat 

The paradox of Schrodinger’s cat occupies a 
unique position among the Gedanken (thought) ex¬ 
periments of quantum physics in its simplicity, 
intuitive appeal and ability to shake up a physicist 
hearing about it for the first time. 

A cat is placed in a steel chamb^ (Fig. 1), 



together with the following hellish contraption (which 
must be protected against direct interference by the 
cat): in a Geiger counter there is a tiny amount of 
radioactive substance, so tiny that may be, within an 
hour one of the atoms decays, but equally probably 
none of them decays. If one decays then ^e counter 
triggers and via a relay activates a little hammer whic|i 
beiBksacontainerof cyanide. Ifone has left this entire 
system fen* an hour, then one would say that the cat is 
sti^j^ving if no atom decayed. The first decay would 
expnjliaiius by containing equal parts of the living and 
the ^ad cat. 

The typical feature is that indeterminacy 
istransferedfrom theatomictothecrudemacroscc^ic 
level, w^h then can be decided by dkeaobservation. 
This prevents us from accepting a ‘blurredmodel' so 
naively as a picture of reality. 


Reflection on ihecatparadox has.muchto 
offo: to anyone concerned about the foundations of 
quantum mechanics. 

Einstein’s Principle of Local Reality & 
the EPR Paradox 

Einstein asserted in the face of almost 
universal opposition that quanuim mechanics was 
fundamentally unsatisfactory. Einstein’s primary 
idea was that the concept of physics relate to a real 
outside world independent of the perceiving subject. 
The physical objects of this wcvld are arranged in a 
space-time continuum. At any given time objects A 
and B situated in different parts of space have inde- 
pendentexistence. This relative independence asserts 
the principle: “external influence on A has no direct 
influence on B”, also known as the ‘principle of 
contiguity’. For the composite physical system con¬ 
sisting of spatially separated parts A and B, it means 
that B shouldn’t be affected by whetho* or what ex¬ 
periments have been perfumed on A. We shall refer 
this as Einstein’s principle of local reality. Einstein 
defends, “ if one abandons the assumption that what 
exists in different parts of sptK;e has its own, indepen¬ 
dent real existence, then I simply cannot see what it is 
that physics is meant to describe. For what is thought 
to be a ‘system’ is, after all, just a convention, and 1 
cannot see how one could make statements about 
parts of it.” 

In 1935 Einstein, Podolsky & Rosen 
(EPR) posed the question, "can quantum mechani¬ 
cal description of physical reality be considered 
complete?” EPR infact stales the necessary require¬ 
ment for completeness of a theuy i.e. “eveiy element 
of the physic^ reality must have a counterpart in the 
pl^sical theory” and the sufficient condition to iden¬ 
tify such elements of reality is possible “if without in 
any wii^ disturbing a system we can predict with 
certainty the value of a physical quantity, then there 
exists an element of physical reality corresponding to 
this physical quantity.” 

Einstein’s principle of local reality is 
inconsistent with the assertion that the wave function 
gives a complete description of physical reality for an 
individual system. 
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Schrddingcr viewing ihe EPR paradox as 
a serious difricuiiy had noted, “it is rather discomfort¬ 
ing that the theory should allow a system to be steered 
or piloted into one or the other type of state at the 
experimenter’s mercy inspite of his no access tait” 

Collapse of the Wave-packet 

According to Dirac, “a measurement 
always causes the system to jump into an eigenstate 
(characteristic and independent statq) of the dynami¬ 
cal variable that is being measured”. Thus the con¬ 
tinuous evolution of the wave function according to 
Schrodingcr equation is suspended during the act of 
measurement. This assertion is called the “collapse or 
reduction of the wave-packet” and is notoriously ill- 
understood feature of quantum doctrine. Pariiculariy 
painful is the fact that since the objective part of the 
worid undergoes the ‘collapse’, and since the subject- 
object division of the world is ill-defined, which of the 
natural processes undergo ‘collapse’ and which de- 
vclope continuously according to Schrodingcr wave 
equation is not well-defined. 

There is no agreement on what actually 
causes collapse and when. Bohr attributes the collapse 
to the uncontrollable interaction between subject and 
object, whereas von Neumann attributes to the con¬ 
sciousness of the observer and pauli to a ‘creation’ 
existing outside the laws of niture even though it 
cannot be influenoed by the observer. 

In Schrddingcr’s words, “the best pos¬ 
sible knowledge of a ‘whole’ docs not necessarily 
include the best possible knowledge of all its ‘parts’, 
even though they may be entirely separated and there¬ 
fore virtually capable of being “best possibly known” 
i.e. “of possessing each of them a rcprcscniativc of its 
own”. Schrodingcr further said, “I wouldn’t call that 
‘one’ but rather ‘tlic’ characteristic trait of quantuih 
mechanics, the one that expresses its entire departure 
from the classical line of thought” 

<1 

Schrodingcr—the Philosopher 

Erwin Schrodingcr was a keen observer of 
nature and his thought was profound. In an csjsay titled 
‘Is Science a Fashion of the Times* he, wrote, ”ihe first 
observations of nature by the primitive man aidn’t 
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arise from any consciously constructed mental pat¬ 
tern. The image of nature which primitive man formed 
for himself emerged automatically, as it were, from 
the surrounding conditions, being determined by the 
biological situation, the necessity of bodily suste¬ 
nance witl)in the environment, and the whole interplay 
between bodily life and its vissitudes on the one hand 
and the natural environment on the other. I mention 
this point in order to forestall the objection that from 
the very start a compulsory element might be attrib¬ 
uted to the overpowering sway of objective facts. This 
is clearly not true, the origin of science being without 
any doubt the very anthropomorphic necessity of 
man’s struggle for life”. 

Our civilisation forms an organic whole. 
Those fortunate individuals who can devote their lives 
to the profession of scientific research are not merely 
botanists or physicists or chemists, as the case may be. 
They arc men and they arc children of their age. The 
scientists cannot shulTlc off his m undanc coil when he 
enters his laboratory or ascends the rostrum in his 
lecture hail. In the morning his leading interest in class 
or in the laboratory may be his research; but what was 
he doing the afternoon or the evening before? He 
attends public meetings just as others do or he reads 

about them in the press In short, wearcall members 

of our cultural environment : so said Erwin. 

Schrekiinger and the Greeks 

In the classic work Nature & tlie Greeks he 
said that we should return to a study of scientific 
thought of the Greek philosophers. For their beliefs 
had this virtue that we lack: ‘wholeness’ He further 
said, “ the world is big and great and beautiful. My 
scientific knowledge of the events in it comprises 
hundreds of millions of years. Yet in another way it is 
ostensibly contained in a poor seventy or eighty or 
ninety years granted to me — a tiny spot in immeas¬ 
urable time, nay even in the finite millions and mil¬ 
liards of years that 1 have learnt to measure and to 
assess. Whence come I and whither I go? That isthe 
great unfathomablequestion, the same for everyone of 
us. Science has no answer toil. Yetsciwee ilpresents 
the level best have been able to ascertain in the way 

of safe and incontrovertible knowledge... And fixan aU 
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these we feel that any thought we Mn to during Uiis 
time will not have thought in vain”. 

Schrbdinger observes that we do not belong 
to this material world that science constructs for us. 
We are not in it, we are outside. We arc only specta¬ 
tors. The reason why we believe that we are in it, that 
we belong to this picture. Our bodies belong to this. 

Admiring the Greeks, Schrodingcr said that 
numbers are at the back of everything. The essence of 
mathematical thought is that from the material setting 
it abstracts numbers (lengths, angles etc.) and deals 
with them and their relations as such. It is in the nature 
of such a procedure that the relations, i^ttcms and 
formulae are arrived at in this way, and very often 
these turn out to be quite unexpectedly applicable to 
material settings widely different from those out of 
which they were originally abstracted. The mathe¬ 
matical pattern or formulae, all of a sudden brings 
order into a domain for which it was not intended and 
which was never thought of iVhen the mathematical 
pattern was derived. Such experiences are very im¬ 
pressive and very apt to create the belief in the mysti¬ 
cal power of mathematics. “Mathematics” appears to 
be at the bottom of everything, since we find it unex¬ 
pectedly where we had not put it in. Science has now 
learned to be cautious enough not to take for granted 
an intrinsic cognateness where there may be only a 
formal analogy resulting from the very nature of 
mathematical thought. But in the infancy of the 
sciences, rash conclusions, of the mystical nature 
characterised above, must not astonish us. 

Schrbdinger further observed that the gnhd 
idea which informed these men (tlic ancient Greek 
thinkers) was that the world around them was some¬ 
thing that could be understood, if one only took the 
trouble to observe it pix^rly. They saw the world as 
a rather complicated mechanism, acting according fo 
eternal innate laws, which they were curious to find 
out. This is, of course, the fiindamental attitude Of 


sci^e uiAo thisday. To usithas become flesh of our 
flesh, so much so that we have forgotten that sorhe- 
body had to find out, make it a programme, and 
embark on it. Curiosity is the stimulus. The first 
requirement ofa scientist is to be curious. He must be 
capable of being astonished and eager to find out 
Plato, Aristotle and Epicurus emphasized the import 
of being astonished. And this is not Uivial when it 
refers to general questions about the world as a 
whole.... the second step is the recognition that all 
matter of which the world consists has, with all its 
infinite variety, yet so much in common, that it must 
be intrinsically the same stuff. 

“Anaximander’s denial of the universal 
world material was identical with any known stuff and 
inventing a name ’boundless’ for it had an antiquity in 
itself, which now appears,to be profound”, said 
Schrodingcr. The following agnostic andscepdc frag¬ 
ments of Democritus (460 BC) had impressed 
Schfodinger the most (uanslaiion Cyril Bailey): 

(D. fr. 6) A man must learn on this principle that he 
is far removed from mith. 

(D. fr. 8) To learn truly what each thing is, is a matter 
of uncertainty. 

(D. fir. 117) We know nothing U’uly, for the truth lies 
hidden in depth. 

(D. fr. 125) The famous dialogue between the Intellect 
and the Senses— 

Intellect; Sweet is by convention and bitter by con¬ 
vention, hot by convention, cold by cot* 
vention, colour by convention; in truth 
there are but atoms and the void. 

Senses : Wretched mind, from us you are taking the 
evidence by which you would overthrow 
us? Your victory is your own fall. Q 
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ERWIN SCHRODINGER AND THE CREATION OF WAVE MECHANICS* 

GAUTAM GHOSH** 


“It cannot be that axioms established by arguments should avail for the discovery of new works; since the subtlety of nature 
Is greater many times than the subtlety of argument. But axioms duly and properly formed from particulars easily discover the 
way to new particulars, and thus render science active”. 

—Francis Baton 
"The Idols", Aphorism XXIV 


1. Erwin Schrodinger, the Man 

Erwin Schrodinger was bom on August 12, 
1887 in Vienna; at that time the capital of the Austro- 
Hungarian empire. Schrodinger had his early educa¬ 
tion at home. Later he studied at the Akadcmische 
Gymnasium, a grammer school which emphasized on 
classical education and the University of Vienna, 
which he joined in 1906, the same year that 
Boltzmann, who held the chair of theoretical physics 
there, died under tragic circumstances. Naturally 
Boltzmann’s ideas were the guiding spirit behind the 
activities in die department and Schrodinger’s earli¬ 
est publications, which appeared from 1910 onwards 
contained works on statistical mechanics and kinetic 
theory and also theory of dielectrics and X-ray diffrac¬ 
tion, which was discovered by V. Laue in 1912. 
Meanwhile, Schrodinger obtained an assistantship in 
the laboratory of Franz Exener, the experimental 
physicist in die department and continued to work 
there till his marriage in 1920. During the war years 
1914-1918 Schrddinger served in It^y as an artillery 
officer. In 1920 Schrodinger left Vienna and after 
brief stints at various places finally settled, in 1921, as 
full professor in the University of Enrich. His works 
in this period cover the specific heat of solids and 
automic spectra as understood in terms of the old 
quantum theory as also something which he undertook 
as a hobby: Theory of colours and vision. It was in 
Zurich that Schrodinger came to know of de Broglie’s 
works which came out in Armies de physique (1924), 
through Peter Debye who urged him to study them and 
explain to his colleagues in seminars. It is interesting 
to note that wave-mechanics was invented and 
brought to adulthood through enough applications in 
one single year, 1926. With Planck's retirement in 


Berlin in 1927, Schrodinger was chosen as his succes¬ 
sor. He accepted the offer, but not without misgivings. 
With the advent of the Nazis, Berlin became a hotbed 
of political activities and Schrodinger never con¬ 
cealed his distaste for the Nazis. With the coming to 
power of Hitler, people, including scientists, started 
leaving Germany and Schrodinger found he too could 
not continue to remain there anymore. So he went to 
Oxford in 1933, the same year that he received the 
Nobel Prize. The years 1927 to 1936 were devoted 
mostly to the applications of the new theory and 
efforts to bring it to terms with relativity. He worked 
on the Dirac electron theory and discovered the phe¬ 
nomenon of Zitterbewegung although his interests 
started diverging from tfrat of most of his contempo¬ 
raries. Along with Planck and Einstein, he belonged 
to the old school who never could accept the indeter¬ 
minism inherent in the new theory and all his life 
Schrodinger tried to forsake duality and found a theory 
involving only a wave description. In 1936 Schrodin¬ 
ger went, as a professor, to Graz in his native Ausuia. 
With his khovvn aiti-Nazi sentiments, it turned out to 
be a dangerous move. Hitler came to power with the 
promise of a greater Germany and he proceeded to 
implement it by annexing Ausyia in 1938. This 
brought in its wake the persecution of Jews and 
political opponents. Public recantations were de¬ 
manded from people known to profess contrary politi¬ 
cal beliefs. Schrodinger also suffered his share of 
humiliation. When, with the invasion of Poland the 
great war started, Schrodinger slipped across the fron- 

* Part of the material waa presented on the occasion of the 
Schiiddingef Cemenaiy, in t lecuire ananged by the Reieardi 
Fellows oi Saha biilitute. 

**Saha bistitute of Nuclear Physics, 92, Achaiya PiafuOaPiandra 
Ro«l. Calcutta-700 009 
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tier to Italy and arrived in Rome. For two years 
Schrodinger wandered around in Italy and the United 
.States and then with the founding of the. Dublin 
Institute of Advanced Studies, he became the first 
professor of theoretical physics there and later as¬ 
sumed the office of the Director. He retired in 1955 
and went back to Vienna where a chair was created 
specially for him. His later day publications are on a 
variety of subjects, most of them being in general 
relativity and Unified field theory which remained a 
passion for him till the end of his life. He did not 
participate in the burgeoning developments in quan¬ 
tum electrodynamics and particle physics (although 
he had a few papers in messon physics and Bom and 
Infeld’s electrodynamics) because he felt that the 
foundation i.e. quantum mechanics itself was not solid 
enough to pennit building on it. After a period of 
prolonged illness Schrodinger died in Vienna on 4ih 
January, 1961. 

In all Schrodinger wrote ninety papers in 
scientific journals ajid of them only three were with 
collaborators. Ho was a lone worker belonging to the 
old school, for whom team work in Scientific pursuit 
held no meaning. Schrodinger was an outstanding 
pedagogue and this is evidenced from the books that 
he wrote. There arc seven of them, all very slim (about 
a hundred pages each). The first book "what is life" 
which came out in 1944, is said to have launched many 
a physicist into a career in molecular biology. "Space 
time sU'ucturc" .which is an exposition of general rela¬ 
tivity was written in 1950, followed by statistical 
thermodynamics, which is considered by many to be 
the best introduction to this subject. Because of his 
classical education he had a love for the ways of the 
Greeks and he wrote a book on it in 1954 : "Nature of 
the Creeks". 

Schrodinger was unconventional in his way 
of life. Dirac reported*, ‘*whcn he went to the Solvay 
conference in Brussels, ho would walk from the sta¬ 
tion to the hotel where the delegates stayed, carrying 
all his luggage in a rucksack on his back and looking 
so like a tramp that it needed a great deal of argument 
at the reception desk before he could claim the room 
that had been reserved for him". Hitler* gave a de¬ 
scription of Schrddinger's life in Dublin, "like almost 
everybody else Schrodinger would cycle the three 
miles from his home to the Institute (only a few of the 
VOI. 54. NO. 8 


wealthier people could afford horse drawn traps), and 
he would go for long excursions on his bicycle. His 
study in his home was very simple. At times it gave Uie 
tmpressirm of an artist’s studio than of a scientist’s 
study. He like modelling, and often one could see a 
small statue that revealed his great artistic flair". 

2. Development of a viewpoint 

At the time when dc Broglie’s papers started 
getting published (from 1922 onwards) Schrodinger 
was working on the statistical mechanics of ideal 
gases. Bose’s paper came out in 1924 and Einstein 
incorporated-the new counting procedure adopted by 
Bose in his theory of the ideal gas. The influence of 
de Broglie’s ideas on the developments in perfect gas 
theory has been unearthed by Hanle^ from the 
Schrodinger-Einstein correspondence of those years, 
dc Broglie had clear ideas about how the phase waves 
inuoduced by him should modify the statistical equi¬ 
librium of a gas. Thus in chapter 2 of his thesis entiUed 
"Statistical Mechanics and Quanta" he wrote, "if the 
movement of gaseous atoms Is accompanied by a 
propagation of waves, the receptacle containing the 
gas would be streaked in all directions by these waves. 
We are naturally led to consider, as in the conception 
of black-body radiation developed by J. Jeans, the 
phase waves formed by stationary systems (that is to 
say, resonant in the dimensions of the container) as 
being the only stable ones; only they occur in the study 
of thermodynamic equilibrium. This is some what 
analogous to what we have encountered in the subject 
of the Bohr atom; there also, the stable trajectories are 
defined by a condition of resonance and the others 
have to be considered as normally unrealizable in the 
atom.” This is nothing but box quantization for the 
molecules and de Broglie proceeded to show that the 
quantization condition arrived at is equivalent to put¬ 
ting one molecule in each phase cell of volume h *. de 
Broglie went further and introduced Bose’s counting 
procedure for light quanta as a ‘ new hypothesis; if two 
or more atoms have phase waves that exaedy .super¬ 
pose, by which one may say therefore that they are 
transported by the same wave, their movements miiy 
no longer be considered as entirely idependent and 
these atoms may no longer be treated as distinct 
entities in the calculation of probability. "WUh this 
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prescriplion Schrodinger evaluated die energy spec¬ 
trum of an ideal monatomic gas in 1925 to recover 
Einstein’s theory *6f material gases in the wave picture 
and showed that in the high temperature limit it 
reduces to the classical theory with the correct 
Boltzmann counting (N). With this kind of back¬ 
ground it did not take long for Schrodinger to arrive at 
the definitive formulation of wave mechanics^’ 
OuotingDirac: "He has told me how he came to make 
his great discovery. With his work on spectra he was 
using, of course, Bohr’s orbit theory, but he always 
felt that the quantum conditions in this theory were un¬ 
satisfactory and that atomic specu-a should really be 
determined by some kind of eigenvalue problem in 
1924, de Broglie published his work on waves asso¬ 
ciated with the motion of free particles. This influ¬ 
enced Schrodinger profoundly, and he set to work to 
try to generalize de Broglie waves to bound particles. 
He finally obtained a neat solution of the problem, 
leading to the appearance of the energy level as 
eigenvalues of a certain operator. He immediately 
applied his method to the electron in the hydrogen 
atom, duly taking into account relativistic mechanics 
for the motion of the electrons, as de Broglie had done. 
The results were not in agreement with observation. 
We know now that Schrddingcr’s method Was quite 
correct, and the discrepancy was due solely to his not 
having taken the spin into accoiiht. However electron 
spin was unknown at that time and Schrddinger was 
very disappointed and concluded that his method was 
no gobd-and abandoned it. Only after some months did 
he return to it, and then noticed that if he treated the 
electron non relativistically his method gave results in 
agreement with observation in non relativistic ap¬ 
proximation. He wrote up this work and published it 
in 1926 and in this delayed manner Schfddinger’s 
wave equation was presented to the world. 

3. The Advent of Wave Mechanics 

As mentioned earlier, the year 1926 was a 
landmark in the history of qp^ium mechanics. In that 
single year Schrodinger published a total of eight 
papas. The first to come was on the energy levels of 
the ideal gas; next came the famous series of five 
papers in AnnaUn 4er Physik containing the formula¬ 
tions of boh the time-independent and time-depeod- 
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ent Schf6dinger equations, ai^licatioi to the hydro¬ 
gen atom, time-independent and time-dependeqtpa- 
tuihation theory with applications and the equivalence 
of wave mechanics with Heisenberg-Bom-Jordan 
quantum mechanics which had been developed a yeap 
earlier. Thus this series encompassed the whble of 
won relativistic quantum mechanics without spin, as it 
stands even today. A succeeding papa coitained 
applications to real systems like atoms and molecules 
and in the last paper of that year he introduced the 
coherent states to arrive at a macroscopic description 
starting from his microscopic mechanics. 

The fust communication in the series en¬ 
titled "Quantization as an eigenvalue luobiem" in 
Annalin der Physik ^ starts with the following intro¬ 
ductory paragraph "In his communication I should 
frrst like to show on the basis of the simplest cases of 
the (non relativistic and unperturbed) hydrogen atom 
that the usual quantization procedure can be replaced 
by another condition in which there is no longer any 
mention of ‘integers’. On the contrary, the occurrence 
of integers follows in the same natural way as, for 
instance, in the case of the number of nodes of a 
vibrating string. The new form is capable of gener¬ 
alization and is very closely connected, I believe, 
with the true essence of the quantum laws". 
Schfddinger then inuoduced the Hamilton-Jacobi 
equation H(q, ds/dq) = E and looked for a solution 
which is separable in the individual coordinates q. 
Writing S & K In v, where K is a constant with the di¬ 
mension of action, separability demanded that be a 
product of functions, each for one q. Since, H is 
quadratic in ds/dq, the H-J equation assumed the fom: 

quadratic form in v, ^ ^ o, and instead of trying to 

solve this equation for y, he sought for ‘such functiois 
y, real over the whole configuration space, unique 
valued, finite, continuous and twice differentiable 
which make the integral of the quadratic form, just 
mentioned, extended over the whole configuration 
space an extreme. This variation problem immedi¬ 
ately yielded the coiresponding Euler-Lagrange 
Equation now called,the Setu^nga equation, on 
neglectiitg a »irface tom. For bound sjystems this 
caused no im)blem because y itself is zero at infinity; 
scatioing states, however, needed a supplementary 
Craiditioi in that the variatirai dy votish large dis- 
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tances. The Schrbdinger equation for the hydrogen 
atom was next taken up and aftex the u»ial separation 
of the angular part as ^herical harmonies, he pro¬ 
ceeded to deal with the r^ial equation by the method 
of Poincare and Htun. Following a detailed analysis 
he showed that the radial equation has solution of the 
required property for E<0 only for certain discrete 
values of £ given by the Bohr fonnula and thus 
identified Uib constant K with h/zn. For £>0, on the 
other hand, a continuous spectrum existed. He also 
gave the formula for the bound eigenfunctions and an 
estimate of the site of the atom by comparing with the 
elliptic orbits of Sommerfeld for the same angular 
momentum. 

In the second communication Schroidinger 
came back to the variational problem introduced in the 
beginning of the firstcommunication. Drawing on the 
analogy between Fermat’s principle in geometrical 
optics and Maupertuis principle in classical mechan¬ 
ics, he argued for a wave process in configuration 
space (q-space) underlying classical particle motion. 
In the "ray optics limit" this wave process whose phase 
is given by the Hamilton’s principal function (S), 
disappears. He then proceeded to calculate the veloc¬ 
ity of the surfaces of constant phase i.e. the phase 
velocity of the wave and found it in disagreement with 
the particle velocity. However, the velocity of a wave 
group with ftpqucncics lying within a small range, 
agreed with that of (he particle. He concluded that this 


required the q-space to be dispersive as also ^optically 
inhonogeneousbut isotn^ic*^. The failure of classi¬ 
cal mechanics in the atomic domain was, tterefme, to 
be accounted fra- in the same way as the failure of 
geometrit^ optics with ^obstacles and apertures no 
longer large compared to the actual finite wave¬ 
lengths". With this gen^l discussion behind him, 
Schrbdinger next dispatched with case the harmonic 
oscillator problem ; the eigenvalues and eigenfunc- 
ti(Mis were provided and instead of giving a detmled 
solution of the differential equation as was done in the 
Coulomb case he referred the reader to Courant and 
Hilberts book, 'Methods of Mathematical Physics', 
Thus it was that through th^ p^)ers 
Schrbdinger laid the foundation of wave mechariics. 
Written in an easy and discoursive style they still 
retain their flavour and, in my opinion, could still be 
adopted as a text in an introductory wave mechani^ 
course. U 
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SCHRODINGER’S SPECULATION ON THE NATURE OF THE CARRIERS OF 

THE HEREDITARY INFORMATIONS* 

KAMALES BHAUMIK** 


rwin Schfodinger, one of the greatest physicist 
^ and thinker of the twentieth century, was in 
an age when science was not strictly compartmental¬ 
ised in various disciplines. He, in his own words, had 
a “keen longing for unified, all-embracing knowl¬ 
edge^. It is, therefore, not surprising that he spent a 
considerable amount of time in the later part of his life 
to ponder over the problems of biology. The question 
that intrigued him very much was the following : 
“How can the events in space and time which takes 
place within the spatial boundary of a living organism 
be accounted for by physics and chemistry ?'* 

Haunted by this question Schrbdinger under¬ 
took a smous study of contemporary biology for 
about a decade and then delivered a series of lectures 
to a large audience undo* the auspices of the Institute 
at Trinity College, Dublin in February, 1943. A year 
later, based on these lectures, a book entitled “What is 
life ?" was published by the University Press of 
Cambridge. Soon after its publication, the book 
caught the attention of a large number of scientists 
across the disciplines, ranging from Physics to Psy¬ 
chology. It is perhaps one of the most widely read 
monograph in science and it has invited quite contra¬ 
dictory criticisms from its readers. Some hail this 
book as the masterpiece, which has provided a turning 
point for the biological research, whereas there are 
others who believe that the book is nothing but an 
“ensemble of tautological statements". The purpose 
of the present lecture is to provide a cohesive summary 
of the book before the audience. 

Many people believe that the strangest 
puzzle of the living system is that the organisms 
follow an well-org^s^ deterministic path despite 
the fact that the i^ocesses of life are inherently con¬ 
trolled by sets of chemical reactions, which arc proba¬ 
bilistic in nature. According to Schrodinger, the 
solution of this puzzle lies in the very nature of the 

statistical processes. A living organism consists of 
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millions of cells and any particular development of the 
living system is carried out by the chemical reactions 
which involve very large number of molecules. The 
law of large number in the statistical theory states that 
the probabilistic error in any phenomenon goes in¬ 
versely as the square root of n, where n is the number 
of units participating in the phenomenon. In the light 
of this law, it is, therefore, not difficult to understand 
why the living system follows on the average a deter¬ 
ministic course. According ro Schitidinger, the 
strangest puzzle of life lies el^where. It is known that 
there are processes which are extremely crucial for the 
existence of life, but surprisingly these processes are 
controlled not by millions or billions of molecules but 
by only a few molecules, which are also not very large 
in their structures. As an example, he mentioned the 
molecules which transmit the hereditary characters 
from generation to generation. How in a random 
thermal environment itese molecules maintain their 
permanence ? Are these molecules formed of highly 
stable bonds, so that their structures are not perturbed 
by thermal agitation ? If it is so, then how these 
molecules undergo spontaneous mutation ? How 
these molecules store and transmit informations ? 
What is the structure of these molecules, which are the 
bearers of hereditary characters ? Almost the entire 
book has been devoted on the discussion of these 
questions. (The last two chapters of the book deal 
with some other topics, which will not be discussed 
here). 

Now-a-days everybody knows that the mole¬ 
cules, which are the carriers of hereditary characteris¬ 
tics, generally are DNA (Deoxyribonucleic Acid). 
DNA is a double stranded polymer with a dduble- 
helical structure. The backbone of the polymer con¬ 
sists of repetitive sugar-ph(»phate chain, pieheredi- 

*Lecture deliveted at the birth centenary of Erwin Schr&iiiiger, 
organiied by Research Fellows Association SJJ4.P. 

**S8ha liistitute of Nuclear Physics, Calcuu»>700009. 
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tary informations are contained in the sequence d 
nucleotides att^hed to this bxkbone. Dependihgcxi 
the stimulus received by the cell from its environment, 
appropriate portions of the DNA helix get uncoiled. 
The message coded in the uncoiled portion can be 
read, retrieved and realised in the formation of en* 
zymes which in turn initiate a chain of chemical 
reactions to achieve the desired response appropriate 
for that stimulus. The structure and functions of DNA 
are already understood to a great extent and the picture 
is becoming clearer with the development of molecu¬ 
lar biology. 

However, these informations were not at all 
known at the time when Schfodinger delivered his 
lectures. It is surprising that inspile of that paucity of 
knowledge, he was able to predict the pature of these 
molecules from the viewpoint of theoretical physics 
and his predictions were eventually proved to be 
correct. In the remaining part of the present lecture we 
shall recollect the informations, which were available 
to Schrbdinger and shall discuss his methodology of 
prediction. 

By 1943, classical genetics had become a 
well developed discipline and the works on Radiation 
Biology were already on progress. These wc^ks as 
well as the devoted and pains-taking experimental 
research on biology for about a century revealed that 
(a) hereditary informations are contained in the chro¬ 
mosome, which are some structures always occurring 
in pairs within the nucleus of the cells, (b) all the cells 
of an organism contain the same information though 
they perform different functions depending on thier 
location within the body, (c)in case of cell-division 
(mitosis) these chromosome-pairs get duplicated, 
(d) in case of sperm cells and egg cells, only one 
member of each pair of chromosomes are randomly 
seggregated within the nucleus of the cells, (e) in the 
fertilized egg one member of each pair of chromo¬ 
somes are contributed by each of the parents and 
thereby the traits of both father mid mother are trans¬ 
mitted to the offspring, (f) any particular hereditary 
trait is controlled by a particular portion of a particular 
chromosome and if that particulm portion is perturbed 
by any physical or chemical mechanism the trait is 
either lost ch* altered, (g) if aft^ the above-mentioned 
perturbati(Hi the organisms still remain viableand they 
are bred pure, then the offsprings bear the characteris- 
VOL 54. NO. 8 


tics of the mutated trait, (b) apart from these induced 
mutatimis, some mutation al^ can occur spontane¬ 
ously. 

Based on these informations Schfodinger 
observed that the carriers.of the hmeditary characters 
are ^me long molecules, whose specific portions 
(hereafter to be called as genes) control! the specific 
traits as expressed by.the organism. Then he asked the- 
following four important questions. 

(1) What is the size of a gene? (materialistic re¬ 
alization of hereditary characters). 

(2) How most of the U'aitsofan organism remain 
unchanged from generation to generation? 
(question of permanence). 

(3) How occasionally offsprings are bom with 
some characteristics, which is completely 
different from either of their parents and if 
these offsprings are bred pure, why the par¬ 
ticular characteristic is inherited by the fu¬ 
ture generation ? (problem of mutation). 

(4) How the informations are coded within the 
gene? (Structure of gene). 

We shall now discuss these questions sequentially. 

Size: The size of a gene can be estimated as 
follows. For the species (which has been well-studied 
by the geneticists) one may obtain the total length of 
a chromosome and the told number of traits associ¬ 
ated with that chromosome. Dividing the former by 
the latter and multiplying the quotient with the mea¬ 
sured cross-section of the chromosome one may get 
the average size of a gene. For a normal-sized cell, the 
average volume of a gene comes out to be a cube of 
side 300 A, which means that the number of atoms 
contained within the gene is of the order of a million. 

Permanence : It may be observed that one 
million atoms is too small a number to average out the 
statistical fluctuations. The atoms are, of course, not 
in a free form but they must exist in molecular forms. 
Even then, the physiological temperature at which the 
genes are kept, is high enough to cause random ther¬ 
mal perturbation on this molecular structure. But the 
informdions are kept fairly undisturbed for a surpris¬ 
ingly long time. According to Schrbdinger the answer 
to this problem lies in Quantum Mechanics. A mole- 
cular^stnicture cannot possess continuous ^ergy 
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levels, but rather a few discrete levels are permitted. A 
“quantum jump” from one permitted level to the other 
is possibleonly when the difference of energy (say W) 
between the two levels is supplied from outsitk. If W 
is very small the fluctuation in thermal energy (whose 
average is IcT, where k is the Boltzmann constant and 
T is the temperature of the environment in the absolute 
scale) may be .able to effect the change. But if the 
molecular structure is such that it requires very large 
amountofenergy logo from its present stableconfigu- 
ration to the nearest stable configuration or in other 
words if the ratio W/kT is very large, Uict any rear¬ 
rangement of the molecular structure other than its 
present form will become a very rare event. One can, 
in fact, calculate the “time of expectation (t)” i.e. the 
average amount of time needed to change the configu¬ 
ration of a molecular structure from the estimate of the 
ratio of W/kT. It may be shown that if this ratio is 30, 
then t is of the order of one-tenth of a second, whereas 
if the ratio is 60, then t is of the order of 30,000 years. 
In the light of quantum mechanics, therefore, it is not 
difficult to understand how a molecular structure, like 
gene, can be insured for its permanence against the 
random thermal perturbations. 

M utation : If gene is such a permanent shuc- 
ture, how then one occasionally observes spontane¬ 
ously mutated varieties? To explain this phenome¬ 
non, Schrodinger speculated that within the molecular 
structure of the gene there are certain locations, where 
a local rearrangement of atoms to another stable 
configuration may not require a very high amount of 
energy iiqjut. ITie “time of expectation” of such 
events may be quite large but may not be larger than 
the time-scale of evolution. In such an event iheentire 
molecular structure will remain unchanged excepting 
a small variation in ^me particular location, so that 
the energy of the gene will be practically unaltered. 
The point to be noted here is (hat even for this small 
change in energy, the information content of the gene 
may get drastically altered leading to a mutation. To 
have a proper appr^iation of this point, one has to 
understand the mechanism by which the informations 
are coded in the said molecular structure. 

Structure: Since the molecules of the gene 
store informatitxi, the molecular arrangement within 
the assembly cannot be random. Itmustbean ordered 
arrangem^t. An example of very orderly anange- 
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ment is exhibited by the periodic crystal. Are the 
genes then periodic crystals? The answer is negative, 
because as Schrodinger has pointed out, all the infor¬ 
mations contained in the oitire crystal art also con¬ 
tained within its individual units. Thus as far as the 
infromation content is concmied the large repetitive 
periodic structure is quite redundant and meaningless. 
At this stage Schrodinger introduces the concept of 
aperiodic crystal. These crystals, for example, may 
have a backbone of perfect periodicity but may have 
some chains which are not repeated periodically. 
These non-repeatable side chains may code the infor¬ 
mations. These also may act as the loci of spontaneous 
mutauons. SchrOdingcr concluded that the carriers of 
hereditary informations are some molecules which are 
arranged aperiodically*. Genes have a backbone of 
exactly repeatable structure with some groups of 
molecules attached to this backbone at regular inter¬ 
vals in a non-repcalable sequence. The entire struc¬ 
ture is thus very stable against the thermal perturba¬ 
tion. However, the molecules at side chains, which 
carry the informations of hereditary characters, can 
undergo spontaneous changes leading to mutation. 

It does not need any elaboration to show that 
all the predictions of Schrodinger regarding the struc¬ 
ture and function of genes have been proved to be 
correct through future works. It is surprising that he 
arrived at the proper solution of the problem just from 
a theoretical exercise and without performing a single 
experiment in biology. It must be regarded as a 
marvellous piece of theoretical work. 

Two more comments must be made before 
concluding this Iccuire. It is true that Schrbdinger's 
conjecture regarding the nature of genetic material 
influenced the contemporary biologists? Perhaps not 
or at least there is no such recorded evidence to my 
knowledge. His book has no doubt inspired many 
people to cross their own boundary to jump into the 
research in the biological sciences. But, unfortu¬ 
nately, the hard-core biologists had hardly got any t^- 
portunity to appreciate his work. The second com¬ 
mit that I would like to make is about the altitude of 
Schrbding^ to learning biology. This point is impor¬ 
tant in view of the fact that many of us who are 

*His ideal leguding the itntaiue of gene are dispersed ikroughout 
the book. If these ideas are properly collected together, one can 
obtaiirihe ftdlowjng definition. 
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involved in inter-disciplinary researches, also suffer 
fipom the same defective attitude. It is evident that 
SchrSdinger undertook a thorough study of the con¬ 
temporary literature in biology. But it appears that he 
hardly had any interaction with the proper people in 
the field other than with some physicist-tumed-biolo- 
gists. Had be done so, he would have known theu; by 
the time he was delivering his lectures, nucleic acid 
was already identified by the biochemists as a prime 
suspect for carrying the hereditary infcmations. It 
can be said without any hesitation that if Schrbdinger, 
with his analytical ability, had collaborated with rele¬ 


vant experimentalist, the discovery of DNA would 
have been accelerated and he would have no need of 
making comments like ‘*It (i.e. genetic mmerial) is 
probably a large {sotein molecule*'. 

To conclude, we get two lessons from this 
study. A per»)n, who is intelligent enough, can make 
positive contribution in any other field in which he 
gets interested. Also a person, however intelligent he 
may be, cannot make a revolutionary change in a new 
field unless he interacts with the proper persons who 
are already working in that field. n 


INDUN GLYCERIN AND LACUNAE IN RECOMMENDATIONS OF THE 

LENTIN COMMISSION 

R. N. CHAKRAVARTl* 


TN the course of barely two and a half weeks, from 
■*“January 21 to February 7, 1986 there were 14 
deaths, all due to administration of glycerin at the 
famous J. J. Hospital, Bombay as the drug actually 
used was later established to contain mostly sorbitol 
and the highly toxic diethylene glycol with a ‘dash of 
glycerine*. In view of so many deaths, one after 
another, during the short period, the right step was 
taken by appoinunent of Hon'ble Mr. Justice B. 
Lentin, Judge of Bombay High Court, as Head of the 
Commissiem of Inquiry, the terms of reference 
being— ‘Deaths of Patients in J. J. Hospital at Bom¬ 
bay in January-February 1986 due to Alleged Reac¬ 
tion of Drugs*. The letter of assent of the President of 
India dated 18.3.86 reached Mr. Lentin on 24.3.86and 
the final Rqiort in the printed form was published in 
March, 1988. It covers pp.viii, 289. Chapter XVTII 
on Conclusions covers 275-283, and the last 
Chapter XIX on Recommendations covers pp. 284- 
289. Both these valuable chapters are presented 
sectionwise in a systemade manner. The time taken in 
bringing it Out is v^l-worth the purpose as this invalu¬ 
able document will remain as a very important source 
of inspiration and guidance for fuuae investigator of 


such highly deplorable cases of negligence, greedi¬ 
ness, corruption and interferences ^rom the tt^, be¬ 
sides the recommended corrective measures to 
proper drug control and administration of dmgs. 

There are, howev»', some lacunae, in the 
Recommendations, which are understandable espe¬ 
cially as Mr. Lentin was concerned with the 14 cases 
of deaths from toxic effects of the spurious (not even 
suitable for grading as— Highly adulterated) glycerin, 
although hereally reached the root—the source of the 
raw material used in the drug formulation. Had he 
gone a little deeper, he might have squired about the 
actual manufacturers who market the prop^ly la¬ 
belled GLYCERIN IP., the basic drug involved— 
which should have been used but nm used. It would be 
useful if the Central Government circulate a list of 
manufacturers of labelled GLYCERIN LP. Normally 
the Drug Control authorities use practically all their 
eftots in the domain of the drug formulations and not 
so much on the basic drugs used in the tormulatimis. 
Proper control over themanufactureof the basic drugs 
leaves much to be ctesired of, although both the drug 

*Pniidettt, Iiuiiluiion of Owmisu (India), Calcuua-70CI017. 
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formulalions and the basic drugs are well-covered in 
the Indian Drugs Act and Rules and the Indian Phar ¬ 
macopoeia. One will appreciate the importance of the 
above statement if one tries to find out in the markbt a 
drum of labelled GLYCERIN I.P. The Drug Control 
authorities should not only try to pin point the defects 
of the dosage forms of drugs placed in the market for 
use of patients, but should also try to help the manufac¬ 
turers of the dosage forms in having proper Control 
over the manufacturers of basic drugs for maintenance 
of proper standard of the basic drugs including some 
curb on bag to bag and drum to drum variation, which 
sometimes poses a great problem during manufacture 
of the dosage forms. 

The following portions are quoted from the 
Report (pp. 129-132): 

'50. In this conspiracy Jcthalal Soni, proprietor of 
Ganesh Qicmicah also has a part ...* 

'62. Jcthalal Soni’s trade practices are not entirely 
beyond reproach. ...* 

'65. This bangs me to the nature of the product manu¬ 
factured by Jethalal Soni.' 

'66. Jethalal Soni carries on business in the name and 
style of Ganesh Chemicals Corporation as the sole 
propnclor since the past 7 years. He is a B.Sc. in 
Chemistry from the Gujarat Umversity. Me manufac¬ 
tures and supplies only what he calls "chalu glycerine” 
which is a substitute for glycerine I.W.' 

'67. Jethalal Soni manufactures glycerine industrial 
grade and glycerine textile grade. The foimer is used 
for manufacture of writing mk, stamp pad ink, type- 
wnicr nbbons and carbon papers and meul treaunent 
chemicals. The latter is used for textile purposes.' 

'68. Jcthalal Soni manufactures industrial glycenne by 
mixing sorbitol, diethylcnc glycol and pure glycerine 
For the manufacture of 250 kgs. of industnal glycenne, 
he mixes 187 kg. sorbitol, 40 kg. dicthyicne glycol and 
25 kg. pure glyceruic. For the manufacture of 200 kg 
of textile glycerine, he mixes 120 kg. liquid glucose, 60 
kg. diethylcnc glycol and 20 kg. water. In textile 
glycerine, no pure glycenne is used.' 

'69. He admitted that his product, be it industnal 
glycerine or textile glycerine, is unfit for human con¬ 
sumption and would cause death if taken micmally, 
because one of the ingredients is diethylcnc glycol.* 

72. He purchases drums from hawkers or utilises the 
drums in wluch he received the raw matcnal. His 250 
kg. drums are painted in red and the lids in white. On 
the lids he stenals in red pamt, one and half inch in 
length and 5 mm. in breadth, the words "GL YCliRINE 
NO r FOR MEDICINAL USE. NET WEIGHT 250 
KG". I Ic claim that his purpose in doing so was to make 
sure that even by mistake his product would not be used 
for medicuial purposes'. 


75. He admitted that his product is the result of his own 
formula not be found in any recognised text book or 
Merck Index. He admitted that it was to make more 
money that he invented his own formula whereby his 
product would be identical to glycerine and yet not be 
glycerine, by which he meant that the properties of his 
product would be the same as those of industrial glyc¬ 
erine, namely industrial white. The weight per ml. of 
his product was about the same as that of pure glycerine, 
but his product was less viscous than pure glycerine'. 

78. He admitted that his product is cheaper than 
standard I.S.I. glycerine by half the price and that he 
mixed sorbitol and diethylcnc glycol in glycerine and 
called his product glycerine because the price of glyc¬ 
erine by itself is more than that of diethylene glycol and 
sorbitol. He also admitted that therefore what he called 
glycerine manufactured by mixing diethylcnc glycol 
and sorbitol with pure glyceruic would cost him less 
than if he were to sell pure glycenne. He also admitted 
that unless he called his product glycenne, he would not 
get the same price as he would get merely from the sale 
of sorbitol or diethylcnc glycol, and that if his purchas¬ 
ers knew that he was mixing sorbitol and dielhylene 
glycol jh pure glyceruic, they would not pay him the 
same price as they would for pure glycerine. When 
asked why he used glycerine at all in his product, he 
repUed that he did so because he wanted to sell his 
product as glycerine and that he wanted to sell dieth¬ 
ylene glycol and sorbitol in the guise of glycenne. 
Accordmg to him, his product could be called adulter¬ 
ated glycerine’. 

79. He admitted that he never indicated cither by any 
document or on the drums of his product that it was a 
substitute for glycenne; that he held out his product to 
be glycerine I.W. and that he did not display his name 
or address or identify the commodity though required 
to do so under the Weights and Measures Act pro¬ 
fessedly out of Ignorance of the rules framed under the 
Act. 

It is evident that Soni’s product, though la¬ 
belled as GLYCERINE, contained only about 10% of 
glycerin (according to his statement)—on the label on 
the drum there was no mention about name and 
address of manufacturer, composition of the contents 
or the uses of the product. “NOT FOR MEDICINAL 
USE” appears to have been used by him as a shield 
against application of the Drugs Act and Rules, but is 
it suitable for use as commercial or technical grade of 
glycerol, for example, for production of glycerol 
based chemicals like nitro-glycerine? Can one escape 
or shirk responsibili ty by pleading on grounds of igno¬ 
rance of Weights and Measures Act? Is the^roduct 
suitable for use in cosmetics or as a food additive? 
According to 23rd Report of the Joint FAO/WHO 
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Expert Committee on Food Additives (1980), dicih- 
ylene glycol is prohibited from using as a food addi¬ 
tive. If the Central Government, with its Minisuies of 
Industries, Commerce, Petfoleum (and Chemicals?), 
are unable to stop mamt&clmcof Soni'sGlycerine and 
such other spurious or adulterated or sub-standard 
glycerin, then genuine manufacturers Qf glycerin may 
suffer as our such products may be simply called 
INDIAN GLYCERIN. It is depressing to note from 
the Report about existence, in the country, of “chalu 
glycerine”, “local glycerine”, etc. 

Under ‘CONCLUSIONS’ of the Report, 
p. 276, III—Manufacturers, Merchants, Traders 
and Suppliers, it is stated: 

*3. The concoction prepared by Jcthalal Soni, the 
proprietor of Ganesh Chemicals comprised mainly of 
lethal diethylene glycol and sorbitol with a dash of 
glycerine. It was this concoction which ultimately 
reached the J. J. Hospital as Alpana Pharma's Batch 
No. 27.’ 

'4. Jethalal Soni however did not know that this glyc¬ 
erol would be used as dn:i|'. 

Possibly on the above ground there is no 
mention about Ganesh Chemicals or about Jcthalal 
Soni under ‘RECOMMENDATIONS’ in pp. 284-289 
of the Report. As quoted above, Mr. Soni admitted 
that his product could be called adulterated glycerin 
though it is really a mixture of sorbitol and dieihylcnc 
glycol adulterated with glycerin (10% or if any ). The 
product is to be truly designated as spurious glycerin. 
Though in view of the declaration forbidding medici¬ 
nal use he cannot be held responsible for the 14 cases 
of deaths at the J. J. Hospital, if the product with its 
present label, as on the drum, is put to various usesfor 
which glycerin is used, other than as drugs, it may 
cause injury and even death to hundreds of people. It 
is not clear from the Report whcilicr Mr, Soni has a 
manufacturing licence for the product, or it is covered 
by some kind of O.G.L. In case of a manufacturing 
licence, the manufacture comes under some kind of 
Control of the Authority issuing tltc licence. How is 
it that products arc being placed in tlic market with 
labels indicating that the conuiincd material is glyc¬ 
erin though containing ‘a dash of glycerine’ or even 
none at all, as in the case of Textile Glycerine of 
Ganesh Chemicals? Are these permissible under the 
Laws of the country? Will such manufacturers remain 
immune to penalty and conlinuo to manufacture such 


spurious products for want of a piosecuim:? 

In view of the Report, the Drug Control 
authorities at Delhi appear to have been made some¬ 
what nervous, as a lot of interest is now being taken in 
devising ways and means for making Ute monogmi^ 
on Glycerin IP. fool-proof by including a Suitable test 
for absence of diethylene glycol. To be frank, such a 
test comes under forensic science md not under any 
pharmacopoeia. After all, the drug used is a spurious 
drug. The Mdeathswereduetouseofwellover lethal 
quantities of diethylene glycol. Tomorrow, some one 
may mbc other toxic materials, e.g. tritolyl phospl^te 
with glycerin. Will it then become relevant to include 
in the monograph tests for absence of such adulterants 
also? In the case of some drugs there are some limits 
tests for absence of some toxic materials because such 
materials are normally present in the crude drugs and/ 
or produced during storage and the limit h^ts are a 
necessity to establish proper absence of such related 
toxic materials in the drug so that it may be declared 
to be of standard quality. But with unlimited scope for 
wilful adulteration, as in the prcscntcasc of mixing di¬ 
ethylene glycol with glycerin, it is difficult to pres¬ 
cribe any fool-proof measure in the^harmacopoeia 
other than HPLC. 

It may be noted that Mr. Soni, a B.Sc. in 
Chemistry, admitted that he adjusted the formula of 
his mixture in such a way that the weight per ml. 
complies with that for Glycerin I.P. On the other 
hand, it is highly significant to mention that, of all 
liquid freely soluble in water and having Sp. Gr. 1.2 
to 1,3, glycerin has possibly by far the highest relative 
viscosity. It is evident from Mr. Soni’s statement that 
he could not raise the viscosity of his mixture to that 
of gl yeerin. This property may be considered if at all, 
though I am not the least interested for inclusion of 
even this new item in the monograph of Glycerin IP. 
Let the sanctity of tlic pharmacopoeia be maintained 
instead of opening the flood-gate for inclusicm of 
hundreds of tests for detection of wilful adulteration. 
On the other hand, porper stress should be laid on 
taking due care not only with regard to manufacture of 
the dosage forms but also with regard to manuf^turc 
of the basic drugs by the Drug Control authorities. 

Lastly, it may be pointed out that sorbitol is 
not to be classified as a lethal poison in spite-of the 
following portion of the Report, pp. 132-133: ^ 

‘81. .. ho used an infimicshjial pcrceniaKC of pu«i 

glycerine and a prcpundcrandy large percenuge of die IcUial 
poisons like di^ylcne glycol and fotbttoi. ...* F"} 
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Notes and news 


Garlic juice as immuniser 

The Bangladesh Jute Research Insdtule 
(BJRC) has achieved a major breakthrough in the 
control of pests without pesticides, according to its 
Director-general Mosharaf Hussian. If jute seeds are 
mixed with garlic juice before sowing, raw jute plants 
are virtually immunised from the insects and pests. 
Two CTtomologists—Nilufar Ahmed and Kishwar 
Sultana—have been working on this experiment since 
1979. After a series of trials, they have reached the 
conclusion that the garlic treatment is a very reliable 

method of immunising jute plants. 

The method of mixing garlic juice with seeds 
requires no technological innovation. About 7 gm of 
garlic would be needed for 1 kg of seeds to be sown. 
At first, the garlic would have to be crushed into 
granules and the juice thereof is to be smeared with the 
jute seeds. Thereafter, the juice-smeared seeds are 
^ied in the scorching sun and allowed to be cooled 
before being preserved in an earthen or tin pot for 
24 weeks, llie pot must have a lid so that the seeds 
are not attacked by insects for at least 2 weeks and then 
sowing can be done. 

The two researchers have noticed that the 
pest attack on jute plants are somewhat congenital, as 
the jute seeds harbour in them many types of pests. As 
such, the garlic treatment kills those pests in the very 
beginning. The BJRC chief, in welcoming the suc¬ 
cessful research efforts of the two entomologists, has 
remarked that the seed pre-treatment with garlic juice 
has the potential of saving about Taka 1.S bUlion 
worth of foreign exchange per year. 

Throughout the world, entomologists have 
opined that garlic has pesticidal properties and there 
are trials on the possibility of applying garlic as an 
alternative to the pesticides. There is a global protest 
against the use of synthetic pestieidcs as the propen¬ 
sity to use them beyemd the threshold limit is greatly 
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in vogue, thus causing various kinds of diseases af¬ 
fecting the gastro-intcstinal and respiratory tracts. 
Incidence of stomach and liver cancer due to pesti¬ 
cides entering the food chain has been strongly in¬ 
ferred by a good number of researchers. The BJRC 
entomological breakthrough will be welcomed'by 
agricultural scientists and environmentalists. Q 

The Statesman 


Disease detectives 

If any one American institution can claim to 
be the family physician of the nation, it is the Centers 
for Disease Control (CDC) at Atlanta, Georgia. It 
embraces virtually every aspect of health and health 
education—from venereal diseases to leukemia and 
other types of cancer, smoking, family planning, nu¬ 
trition and vaccination. 

CDC employs more than 4,000 persons, half 
of whom are based in Atlanta at any time. Others may 
be posted overseas or assigned to field stations in the 
country. To carry out its diverse functions, CDC is 
organised into six divisions : infectious diseases; 
environmental health; health promotion and educa¬ 
tion; prevention services; occupational safety and 
health professional development and training. 

CDC is a laboratory of last resort, deluged 
each year with more than 170,000 specimens from all 
comers of the globe—diseases in need of diagnoses. 
It is a zoo-keeper, riding herd on quartined Cultures of 
deadly viruses. Some, like small pox, are extinct. 
Others—the Lassa and South American haemor¬ 
rhagic virus, for example—still require to be elimi¬ 
nated. With its massive scrum banks containing more 
than 25,000 samples of every kind of disease, CDC is 
USA’s collective memory of recent human afflictions 
—each sample cross-listed under more than 250 cate¬ 
gories. Its computer has one of the largest collections 
of tapes, holding a plethora of data and gathered in the 
courscof its search for answers to many health riddles. 
Since its scientists work with disease-producing or¬ 
ganisms. CDC strictly controls access to^its many 
laboratbries. In its Maximum Containment Labora¬ 
tory, for example, workers must wear pressurised 
protective garb to avoid introducing organisms into 
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ihc cxpcriincnis and to protect themselves from the 
diseases they may contact from the organisms they arc 
studying. 

CDC actively collaborates with foreign 
governments and international organisations in an 
attempt to conux}! disease and improve health world¬ 
wide. It played a vital role in the massive immunisa¬ 
tion campaign, leading to the complete eradication of 
small pox by the late seventies which, before the 
advent of modern medicine, regularly killed millions. 
In a real sense, it is a detective agency, relentlessly 
varifying and quantifying disease statistics from 
around this planet. Its purpose is to identify and 
remove, as far possible, human illness from the sur¬ 
face of the earth. □ 

Span 

Heartly News 

According to a study, conducted over a pe¬ 
riod of nearly five years at Boston’s Brigham and 
Women’s Hospital, an aspirin tablet, a common pain¬ 
killer, taken on alternate days cun reduce almost in 
half the risk of a heart attack. 

The study, initiated in 1981 and funded by 
USA’s National Heart, Lung, and Blood Institute 
(NHLBl), included more than 22,000 male physicians 
who had never suffered heart attacks or other serious 
ailments. Half of the physicians took aspirin for 
nearly five years and the rest received a placebo. 
'There were 104 heart attacks among the aspirin users, 
five of them proving fatal and 189 heart attacks in the 
comparison group (including 18 fatal cases). There 
were also 80 strokes in the aspirin group and 70 among 
the others. The results indicated that an aspirin taken 
every other day cut the risk of heart attack by 47%. 

Speaking at a press conference, American 
heart specialists stated that the research provides 
strong evidence that aspirin will be a major weapon 
against the number one killer of the United States, 
cardiovascular disease. ’’There is little reason to 
suspect that the biologic effects of aspirin would be 
different in other populations with comparable or 
higher risks of cardiovascular disease”. Lawcrcnce 
Cohen of Yale University’s School of Medicine, told 
reporters. ’”rhcrefore. it is possible that thousands of 


individuals may have their heart attack prevented 
yearly by administration of aspirin every other day. 
As such, the results of this trial are exciting and have 
tremendous health implications’, he said. However, 
Claude Lenfant, NHLBl director, cautioned that the 
general public should not take the findings as an 
indication that everyone should start using aspirin. A 
decision to use aspirin to prevent heart attacks should 
only be made after consulting with a physician. The 
heart experts agreed that generally anyeme with risk 
factors—such as diabetes, hypertension, high blood 
cholesterol or a family history of heart attacks—for 
heart disease should be considered a candidate for 
routine use of aspirin. 

Medical experts believe that aspirin woiks 
by inhibiting the aggregation of platelets, a cellular 
component of the blood responsible for clotting. At 
the site of a narrowed artery, platelets form a mesh 
ultimately leading to a clot and totally obstructing the 
flow of blood through the artery. However, doctors 
cautioned that aspirin could cause decrease blood 
clotting too much in some individuals. For example, 
the investigation showed that there \^as a small, 
though not statistically significant, increase in death 
from strokes among those receiving aspirin. Presuma¬ 
bly, the strokes were caused by tvain haemorrhages. 

□ 

Span 

Novel method of tree-growing 

A University scientist is successfully grow¬ 
ing trees in situations where they have never been 
raised before, in the Negev Desert near Sde Bdcer, 
Israel. This achievement by Professor of Geography 
Aharon Yair is the culmination of his extensive stud¬ 
ies of local rainfall, soil, topography, fauna and flora. 

Using water-harvesting techniques that Yair 
deveiq)cd to exploit areas of special topography and 
soil, he has succeeded in growing trees in a region of 
93 mm annual average rainfall. Watw-harvesiing for 
agricultural use is well- known in desert regions. The 
remains of early Nabatean agriculuire in the Negev 
Highlands are one example of this i^ractice. The 
aiK:lent Nabateans tot^ run oIT warar in diannels from 
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rocky hill slopes to their farms at the valley bottoms. 
With this system, agriculture was confined to limited 
areas of bottom soil. However, Yair found that more 
water was caught at the middle of the slope, just below 
the rocky outcrops than at the bottom, uni ike what was 
suggested by Nabatean practice. 

These experiments of growing trees on rocky 
(k:sert slopes are the outcome of Yair’s long multidis¬ 
ciplinary studies which were carried out in collabora¬ 
tion with David Sharon, Hanoch Lavre and Avinoan 
Danin of the Hebrew University and an ecologist 
Moshe Shachak of Blaustcin Institute of Desert Re¬ 
search of BenGurion University of the Negev. Doc¬ 
toral and Master’s students also participated in the 
project 

In 1972, Yair established an experimental 
site on a rocky ridge near Sde Boker. For a number of 
years, he studied topics such as the relation between 
rain and runoff, soil properties and biological activity. 
His findings suggested that it was possible U) expand 
the cultivated area considerably to include fertile 
slopes never used before. The bological, hydrological 
and pcdological fmdings led to the conjecture that the 
amount water collected in the fertile belt, between 
the rocky upper part of the slope and the soil at its base, 
was equiv^ent to 250-300 mm of rainfall and would 
suffice to grow trees in a sector of mere 93 mm yearly 
rainfall. Most of the runoff from the rocks at the top 
of the ridge is absorbed in this belt, where it is held in 
depth without evaporating, available for use by plants. 
In order to test this conjecture, 300 basin-like furrows 
specially designed by Yair were dug in this fertile belt 
with the help from the Jewish National Fund (JNF) 
and saplings were planted in them, including carobs 
and pines. The first two years were drought years and 
the runoff was the sparest for 25 years. The saplings 
grew well and developed, despite heavy browsing by 
gazelles and without irrigation, as well as though 
growing in more north^ly (wetter) tracts. 

Last January, the JNF imveilcd the grave of 
'trees near Sde Bt^er m a ceremtmy to mark the Ben¬ 
Gurion (centenary celebrations. This shows that trees 
(and not only sl^bs) can be grown in previously 
untried locations in the Negev Highlands (about 600 
km^ and that apotmtUal for afforestation exists there. 
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Yair is now planning to expand the scope of the 
experiments and to plant several thousand trees, 
including those of economic value such as olive trees. 

□ 

News from Hebrew University 


Fungal parasite to control powdery-mildew 
disease 


Scientists at the University’s Faculty of 
Agriculture in Rchovot have succeeded in isolating a 
fungus, Ampelomyces qidsqualis, which is parasitic 
upon other fungi and which they sec as being able to 
r^uce considerably the serious damage to agricul¬ 
tural crops caused by powdery-mildew disease. The 
study was perfornjed by Abraham Sztejnbcrg, with 
the participation of Shlomit Mazar and Sergio Galpcr, 
of the Deparunent of Plant Pathology and Microbiol¬ 
ogy, in collaboration with Norbcrio Lisker of the 
Agricultural Research Organisation’s Volcanic Insti¬ 
tute at Bet Dagan. 

Powdery-mildew disease seriously affects 
the development and yields of fruit trees, grain, flow¬ 
ers and vegetable crops. At prcscnt,controlofthisand 
similar diseases is carried out using fungicides which 
are expensive and which tend to pollute the environ¬ 
ment. 

The scientists succeeded in isolating this 
fungal parasite from other fungi, growing it in artifi¬ 
cial media and receiving a heavy yield of spores in a 
short time. In experiments in the laboratory, in green¬ 
houses and in the open field, the application of A. 
quisqualis brought a 50% increase in cucumber yield 
over untreated plants. Combined use of the fungal 
parasite alongside limited quantities of fungicides 
induced a 90% increase in the cucumber crop. Re¬ 
cently, an Israeli Company, Biotechnology Applica¬ 
tions Ltd., has decided to finance the continuation 
of this research with the intimtion of commercialisa¬ 
tion. D 

News from Hebrew UmversUy 
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Ozone update 

. As environmentalists had hoped and ex¬ 
pected. a historic agreement to protect the earth’s 
stratospheric ozone was signed by delegates of 24 
nations last autumn following a year of negotiation^. 
The agreement calls for a freeze on the use of chlo- 
rofluorocarbons (CFCs) at their 1986 levels by 1989 
and a 50% reduction by 1999. CFCs arc the colourless 
and odourless compounds destroying ozone in the 
earth’s upper atmosphere; this ozone layer shields the 
earth from demaging ultraviolet radiation. While 
praising the agreement, environmentalists have also 
said it does not go far enough to half stratospheric 
ozone depletion. 

Before the agreement can be enacted, it must 
be ratified by at least 11 nations that arc collectively 
responsible for two-thirds of global CFC use. As of 
December 1987, the proposed treaty has not been 
ratified by a sufficient number of nations, although all 
major CFC-producing countries are expected to en¬ 
dorse the agreement, the United States, while it had 
not ratified the treaty, became the first nation to take 
internal steps to implement it. In December, the US 
Environmental Protection Agency proposed regula¬ 


Letters | 
to the editor | 

Observations on the incidence of 
aquatic bugs (Hemiptera) in a stocking 
pond in West Bengal 

Aquatic bugs occupy a considerable position 
in the insect community of fresh water ecosystem. 
Their interactions with cultivable fishes arc well 
known. The productivity of nursery and rearing 
ponds are very much dependent on the population 
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tions that would require the same freeze and cut-back 
in CFC use as does the international agreement These 
regulations also call for a freeze in the use of halons, 
another group of chemicals believed to be contribot- 
ing to the ozone problem. Environmentalists say tiiese 
regulations, like the treaty, will slow but not stt^ 
ozone depletion. 

Meanwhile, scientists studying the mysteri¬ 
ous ozone “hole” over Antarctica reported in October 
’ 87 that stratospheric ozone in that region had re^hed 
its lowest recorded level in July and August of the 
same year. For about a decade, r^earchers have 
watched with concern as ozone levels over Antarctica 
drop dramatically every summer and early autumn. 
The researchers, who reported last summer’s lowest- 
ever ozone readings, work for NASA, basing their 
analysis on air and satellite data. A few weeks later, 
scientists from the National Science Foundation’s 
(NSF) National Ozone Expedition recorded similar 
results based on observations from the ground. In 
addition, the NSF data support the the(H 7 that CFCs 
are at least, in part, responsible for the Antarctic 
Ozone hole, just as they are for the general reduction 
of stratospheric ozone globally. <. □ 

Bioscience 


factors of the said bugs The population inci|lence 

of these bugs is subjected to^seasonal fluctuations in 
relation to the several environmental factors’. Very 
limited works have b^n done on the ecological as¬ 
pects of the aquatic bugs in Indian closed water 
system*-**’. From West Bengal no account is available 
excepting the stray publication ’. However, the pres¬ 
ent communication aims atdisplaying the preliminary 
observations on aquatic bug population and their 
ecology in a stocking pond in West Bragal. 

The pond selected for study (Rahara, 24- 

Parganas) was more or less rectangular (30 m x M m) 
with sloping margins. The bottom was made up of 
Peebles, molluscan shells, sand and clay soil. Miao- 
phyte vegetation was vay poor. Preliminary observa^ 
tion was ctmfmed to half-yearly duratum from Sep- 
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Ilf. 1. Showiot At dianttmiaii of iMeikfaHnapiwmOiiif in the pond durii^ 198647. 

Cl 1996 10 Feburaiy i987, when environmental randmnly selected quadrats were each measured as 
features qtpeared in the following ways (Fig.l): lOOxlOOcm. 

lemperBtuie^20.00*31.50*X^, relative humidity— Five bug genera, Micronecta (Corixidae), 

38.^74.50%, alkalinity—1S1.2S>16S.S0 ppm and Notonecta^ Enithares, Ardsops (Notonoctidae) and 
water itardness 151.00-196.20. Observations were Gems (Gerridae)weic found in the samples (Table 1). 
naade at fortnightly intervals through netting from 20 The Micronecta was in a greater volume during Sep>. 


TABLE 1: Population Incidence (%) of aquaUc Sufi in Woet Bengal durii^ Post monsoon season, 19SS-87 


Genera Sept. Oa 


Mitromaa ip, 20.54 

Noiotum^ 22.09 13.18 

BeiAanttfi 0 11.73 

AtHMpu sp. 0 7.54 

GsrKsspi 29.73 16.22 


Nov. 

Dec. 

Jan. 

F4b. 

7.05 

0 

26.35 

is.Qr 

21.57 

13.58 

18.39 

11.19 

42.79 

29.85 

34.97 

10.66 ; 

38.69 

32.66 

tSM 

. 603 

0 

28.38 

12.16 

13.51 
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tcmberand th(»iitfolk)wedagradutil d6(S!tcaiing trend 
up to Nov^bor. In December, the corixid bug was 
almost absent from the pond. Again, it appeared in 

January with relatively high population which soon 
followed by an abrupt fall during Feburary. The 
family Notoncciidac appeared with itircc genera like 
Notone eta, Enithares and Anisops. Amongst them, 
Notonecta sp. was seen in greater volume during 
September which alter attaining a little fall attained a 
second peak during November. A third peak was seen 
during Janu^y. Enithares sp. appeared in the pond 
from October to Feburary, showing a peak incidence 
during January. Anisops sp. could also be found to 
appear during October which soon attained peak dur- 


community. Inieresiingty, the bugs are sepiuoexhibtt 
peak incid^ice at different periods indk»uirig a perio¬ 
dicity in abundance. The said behaviour corresponds 
with the periodic disappearance (? type of local migra¬ 
tion)^ which may appear to reduce intmpeciHc com¬ 
petition in a common trophic level in the concQpid 
ecosystem’. The greater performance of the ^ug 
genera during September indicates a further preferen¬ 
tial response of the bugs to higher temperature. 

Though the present study does not &y much 
about the ecosystem of the aquatic bugs, it is evident 
that the availability of high temperature and migratory 
behaviour appeared to be the contributory factors in 


TABLE 2 : hclativc percentage dtstribution of insects in bug community during Post monsoon'season, 1986-87 


Genera 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Average 

Micronecta sp. 

6.05 

2.13 

1.32 

0 

4.89 

5.08 

3.24 ± 2.42 

Notonecta sp. 

86.27 

73.87 

70.68 

52.15 

62.33 

75.36 

70.11 ±11.71 

Enithares sp. 

0 

12.30 

7.85 

21.47 

22.23 

8.42 

12.04 ± 8.58 

Anisops sp. 

0 

6.40 

20.15 

19.94 

8.13 

6.09 

1012 ± 8.17 

Gerris sp. 

7.68 

5.34 

0 

6.44 

2.42 

5.05 

4.49 ± 2.81 


ing November and then followed a gradual decrease. 
The last marked species Gerris (Family: Gerridae), 
though appeared in a greater volume during Septem¬ 
ber, completely disappeared during November. 
Again, it was seen to reappear during December and 
presisted up to February with thin population. The 
relative distribution of these insects (Table 2) in bug 
community indicates that all ftve genera could not be 
found altogether during the period of observation. 
Amongst them only Notonecta appeared throughout 
the season. Again, the said bug was found to present 
high population volume followed by Emthares sp., 
Anisops sp., Gerris sp. and Micronecta sp. 

liie results obtained from the present study 
revealed the five aquatic bug genera, Micronecta 
(Corixidae), Notonecta, Enithares, Anisops (No- 
tonectidae) and Gerris (Gerridae) appeared in the 
pphd with season^ fluctuations. Amongst them, only 
nototiectid bugs show continuous incidence with a 
considerable population volume while others 
(Family: Corixidae and Gerrid^) exhibited a peri¬ 
odic disappearance. 

Again, Notonecta sp. ^oioncctidae) app¬ 
eared as a piedominaiing group in the aquatic bug 


the predominance of aquatic bugs in a stocking pond. 
The said contention gains ground with the findings of 
previous workers*-®. 

A. MUKHOPADHYAY 
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Alielopathic effects of inhibitors from 
Cassia and Crotalaria plants 
on mustard (Brassica) 

Earlier studies from this laboratory concen¬ 
trated on the iniluence of aqueous cxtract/leachate of 
certain weeds on the germination and seedling growth 
of selected test species’ ”. In order to find out whether 
more mature phasaof plants arc affected, inhibitor 
solutions from leaves of two leguminous weeds— 
Cassia sophera var. purpurea Btik. and Crotalaria 
pallida var. pallida Ait. — arc applied in the form of 
aerial spray to mustard {Brassica campesiris var. 
dicholoma WatL) plants. There is a need to identify 
interactions between weeds and crops; this aspect can 
be tackled by spraying extracts from plant-parts, 
containing high conceniration of inhibitors'^ to potted 
plants of target species. The purpose is to demonstrate 
the alielopathic effect of a weed cxdact. 


dilution. Those plains which were sprayed with 50 ml 
of distilled water served as the control. There were 
four pots for each condition. All treated and control 
pots were placed in the greenhouse. Relevant obser¬ 
vations were recorded seven days after the last spray. 

The fruit number and fruit length as well as 
the number ol seeds (x^r fruit and per plant were 
lowered by the spray of both Cassia and Crotalaria 
inhibitors (Table 1). However, the impact of higher 
(1:2.5) and lower (1:5) concentration of the inhibitor 
was evident in the ease of seed output of the treated 
plants. The seed weight decreased only in pbnts 
receiving die spray of higher concenu-ation of Crota¬ 
laria inhibitor. While the flower production was sig¬ 
nificantly reduced by the two concentrations of Cas¬ 
sia inhibitor, it was so lor Crotalaria inhibitor at 
higher concentration. 

Since the fruit number and seed number of a 
crop plant are uniformly inhibited by the two weed 


TABLE 1: Mustard plants during; antiiusis atTcctcd by spray of Cassia and Crolataria inhibitors 


Growth parameter 

Control 

Ca.v.via 



Crolalarta 

1 : 2..^ 

1 :5 

1:2.5 ■ ■ 

1:5 

No. of flowers/plant 

47.20 

38.70 

40.00 

40,40 

41.80 

±2,35 

± 1.79** 

± 1.75* 

± 1.41* 

±2.13 

No. of fruiu/piant 

18.60 

6.30 

8.10. 

7.00 

8.40 

± 1.97 

±0.49*** 

± 0.52*** 

± 0.72*** 

± 0.59*** 

Length of frtiit (cm) 

4.90 

3.50 

3.80 

3.40 

3.20 


±023 

±0 05*** 

±020** 

±0.14*** 

±0.17*** 

No. of sceds/fruii 

15.20 

8 60 

9.60 

9 20 

9.30 


±0.64 

±0.66*** 

±0.47*** 

±0.71*** 

± 0.98*** 

No. of sccds/plani 

282.70 

60.40 

69,60 

65 10 

n.20 

± 30.09 

± 4.75*** 

± 4..52*** 

± 6.79*** 

± 5.52*** 

Weight of too seeds (gm) 

0.31 

0 22 

0 28 

0.09 

0.21 


± 0.04 

±0.12 

±0.11 

±0,01*** 

±0.08 


* t value significant at 5% level ' i value significant at 1 % level ' t value significant at 0. 1 % level 


To start with, mustard plants were raised in 
■ 30-cm pots, each containing 20 plants. When they 
were 14 days old, they were thinned down to 10 per 
pot. Spraysof inhibitor solution from leaves of Caw/o 
and Crotalaria plants commenced during anihcsis of 
mustard plants and followed on alternate days for 10 
days (with a total of five applications). For each 
treatment, SO mi of inhibitor solution of two concen¬ 
trations was sprayed to the above-ground parus of 
target plants. Just before spraying, the inhibitor solu¬ 
tion was prepared by crushing 100 gm of leaf tissues 
of Cassia and Crotalaria in a Bajaj mixer with glass- 
distilled water; it was filtered through Whatman 
(No. 1) filter paper and the filtrate made 250 ml by 
adding distilled water for the stock solution (1:2.5) 
fjtKn which 1:5 concentration was obtained by way of 
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cxu-acis, it follows that the growing condition of 
mother plants (during anthe.sisyis important when the 
aerial spray of inhibitors is tried. Further work would 
be worthwhile by planting seeds from such ueatments 
and observing the changes in the offspring. As to the 
chemical composition of inhibitors from Cassia and 
Crotalaria leaves, work is in progress and the details 
will be published elsewhere. 
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Qualitative detection of clilorogenic acid 
from sunflower deoiled cake— 
a novel approach 

The Sunllowcr is lx:ing cullivalcd in various 
piu'ls of the world for iis edible oil. The sunflower 
deoiled cake contains 40 - 50% proteins, 10% carbo¬ 
hydrates, 1% fat, 3% fibre and ash, and 4.0% chloro- 
gcnic acid*. About 30% of clilorogenic acid is bound 
covalently with proteins while the rest 70% is linked 
with proteins by weak interactions like vandcr Walls 
forces, hydrogen bonding and electrostatic interac¬ 
tions^®. Many methods arc available fordeta'tingand 
separating chlorogcnic acid from proteins of the Sun¬ 
flower deoiled cake®'*. A method using titanium salt 
is developed for qualitative analysis of chlorogcnic 
acid. 

Thesunflower deoiled cake is obtained from 
the local market. The cake is ground into the powder 
state ai|d filtered through 40 mesh sieve. In glass 
stoppered bottle I gm of above cake is soaked in dist. 
water (1:7) cake water ratio and pH is adjusted to 
9.0 ±0.1. The tiianiunn chloride (1 molar solution) is 
added to the slurry, (at a ratio of 1:1000 parts metal 
salt: slurry) and is stirred for 30 minutes and then ctm- 


trifuged. The orange golden yellow coloured sujicr- 
natent is collected. The 6x0*30000 step is repeated 
three more times to remove all available chlorogcnic 
acid. 

The drops of golden yellow coloured super- 
natent solution and solution of titanium salt with 
chlorogcnic acid Ircc protein from sunflower deoiled 

30x magnification. It was observed that supcrnalcnl 
clearly showtxl golden yellow coloured chlorogcnic 
acid is linked with white coloured proteins. The 
chlorogcnic acid free protein showed only white 
colour. The mechanism of complex formation of 
chlorogenic and titanium salt is being elucidated. 
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Effect of Azospirillum inoculation 
on onion 

Substantial growth and yield increases in 
various crop plants have been reported due to inocu¬ 
lation with the diazouophic bacterium'-® Azospiril- 
lutn, a common oil and root inhabitant. To study the 
effect of Azospirillutn inoculation on the yield of 
onion {Allium cepa vur. Aggrcgatum Linn.), a field 
experiment was conducted in randomized block de¬ 
sign with six ucaunents and four replications during 
the rabi sciison of 1981 -82. Plot size was kept 4 x 5 m 
and a spacing of 45 x 10 cm was adopted in ridges and 
furrows system. Recommended fertilizer schedulp 
(30 kg N, 60 kg P and 30 kg K per ha as basal) and 
irrigation practices were followed. Onion variety CO^ 
was used as test crop. Peat based Azospinllum inocu- 
lant (containing 2.8 x 10» cells per g dry weight) was 
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tisc4 at the rate of 100 g per 25 kg of onion bulbs. 
Regular cultural practices were carried out unifonnly 
in all the plots. Bulb yield was recorded after cleaning 
and drying under shade for 4 days soon after harvest. 

Results indicated UmAzospirUlwn inocula¬ 
tion significantly increased the yield of onion at 50,75 
and 100 per cent of fertilizer nitrogen and the yield 
increase varied from 18.9 to 20.6 percent over respec¬ 
tive uninoculated control. Azospirillum inoculation 
wkh 75 and 100% of fertilizer nitrogen application 
recorded significantly higher yield than all other treat¬ 
ments. However, there was no significant difference 
between the yields obtained from treatments receiv¬ 
ing graded levels of fertilizer nitrogen alone. This 
leads to the suggestion that the production of plant 
growth promoting substances’ apart from the fixation 
of aunospheric nitrogen by Azospirillum might have 
played an important role for the augmentation of 
onion yield in this experiment. 
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Studies on the synthesis of Amidoxime: 
Synthesis of Hexahydro-2H>a2epin-2-one 
oxime 

Oximation of ad aldehyde and kaione have 
betm thoroughly studied by number of scientists. 
Oximation of dicarboxylic acid amides have been 
reported by Lazenncc‘ and Spoerri^ and shown the 
formation of hydroxamic acid and S-isoxazolone, 
respectively. Amidoxime formation were reported by 
Rusself and Hans^ from corresponding thioamide. 
Since, many cyclic amide oximes arc reported as fun¬ 
gicide, nematocidc***’ and useful for metal 
extractions, the present investigation was undertaken. 

Hcxahydro-2H-azcpin-2-onc oxime, I, was 
prepared in nearly the quantitative yield by conoens- 
ing 3,4, 5, 6-tcirahydro-7-mcthoxy-2H-azcpinc, II, 
with Hydroxylaminc Hydrochloride. The II was 
prepared by condensation of HcxahytlrO'2H-a«;pin- 

2-onc, III, with DimciJiyl sulphate. The II was re¬ 
ported in literature* * and prepared by phosgenation of 
III and subsequently treated with methanol. The 
formation of II was confirmed on die basis of spectral 
data and by its boiling point* *. The ir absorption at 
1665 CM-' for >C = N- and at 1120 CM'* & 1320 
CM"* for -C- 0-, The structure of 1 was confirmed 
by nmr & ir. The *H nmr, CDClj for I revealed <f 1,5- 
1.9 (6H. broad singlet, - (CHj) 3 - ), 2.2-2.45 f2H, 
triplet [not resolved properly and seems to be a broad 
singlet j, -CHj- at 6 position), 3.1-3.4 (2H, multiplct 
[not resolved properly and seems to be a broad 
singlet], -CHj- at 2 position), 5.45-5.9 (IH, singlet, 
= N-O-H), which is disappeared by Dp exchange and 
7.95-8.3 (1H, singlet,>N-H), which is disappeared by 
Dp exchange. The ir has showed characteristic 
suctching frequences at 1660 CM ’* for >CsN-, at 
3380CM-*and 1490CM"* for-N-H, 1430CM'* & 
1190 CM-* for-C~N-andat 3220CM'* for bonded 
-OH. 

The prcptiration of I was attempted by direct 
condensation of ill with Hydroxylaminc Hydrochlo¬ 
ride in the presence of polar solvent (like water, 
methanol, etc.) and a proton acceptor (such as NaOH, 
Na^CO,, pyridine). The reaction product has shown 
deep blo(^ red coloration with Fe*^ salt, suggests the 
formation 6f 1,'which could not be isolated. 
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Product could not be isolated 

3, 4, 5, 6-TetrahydrO‘7-methoxy-2H-a2ep- 
ine, //: A mixture of III (0.1 mole, 11.3gm),purifide 
Dimethylsulphate (0.15 mole, 14.1 gm), anhd. 
Na^COj (0.15 mole, 16.0 gm) and acetone (150.0 ML) 
was refluxed on water bath with stirring for 16-20 hr. 
The solvent was distilled off and the residue was 
poured into 250 ml ice-wtiter. The product was 
extracted with three 20 ml portions of chloroform, 
dried over anhd. Na^COj. After the removel of the 
solvent the product was distilled under reduced pres¬ 
sure, 52.0-53.0®C at 18 mm to yield l5 gm (20.0%) 
Hexahydro-2H-azepin-2-om oxime, I : A 
mixture of II (2.5 gm), Hydroxylamine Hydrochloride 
(1.54 gm) and Sodium bicarbonate (1.85 gm) in 20.0 
ml methanol was refluxed with stirring for 15.0 hr. 
After the removal of the solvent the product was 
poured into 50.0 ml water and extrxtcd with Chloro¬ 
form. The solvent was evapwated to yield 2.3 gm 
crude I, which was recrystallised from acetone to give 
2.25 gm white leaflets, m. p. 165-165.5®C. 

The elemental analysis; 

Calculated: C 56.25%, H 9.375%, N 21.87%. 
Found: C 56.13%, H 9.29%, N 21.8%. 

I am indebted to Dr. M. H. Mehta, G. M. 
(Research) and Dr. M. A. Siddiqui, Supdt. (Process 
Research) for their keen interest and helpful sugges¬ 
tions. I am extremely thankful to the GSFC manage¬ 
ment for the wOiking facilities. 
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Influence of dissolved oxygen in survival 
and transport of culturable carp seeds 

Although studies'*’ on the tolerance of fish 
seeds to various levels of dissolved oxygen are avail¬ 
able, works relating to the influence of oxygen in the 
survival of culturable freshwater Indian and Chinese 
carp seeds especially under hypoxic^conditions are 
wanting. The present investigation, first of its kind 
was hence att^pted to And out the levels of dissolved 
oxygen during asphyxiation and 50% mortality with a 
view to estimate the packing density of these seeds in 
their transportation towards aqu^ultuie purposes. 

Healthy seeds of the culturable freshwater 
carp species viz., Catla catla (2.4 • 3.5 g), Labeo 
rofUta (2.7 - 3.5 g), Cirrhinus mrigala (2.4 - 3.1 g), 
Hypophthalndchthys molitrix (2.5 - 3.0 g), Cteno- 
pharyngodon idella (2.9 - 3.8 g) and Cyprinus carpio 
(2.2 - 3.5 g) were collected from the nursery aild 
Bcclimatcd for a period of 72 hrs in a glass aquarium 
containing well aerated water. The seeds were fed 
with groundnut oilcake powdcr/plankton. Prior to the 
experimentation, the seeds we^ starved for 72 hrs in- 
order to evacuate their gut contents completely. The 
respiratory rate of the s(^s of the experimental cham¬ 
bers' was studied following the method of Job*. From 
each spcck:s, a total of ten seeds w^ subjected to a 
hypoxic and deadi phases under an ambient tempera¬ 
ture of 28 ± 0.05®C. The dissolved oxygen content of 
the media of the experimental chambers was csii- 
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mated ftrflOwingsUindard Winkler’s nIlclh<xi^ All the to ihc depletion of oxygen during transport is not 
experiments were repeated thrice and the average uncommon. As fish seeds arc inviably transported to 
values were taken into account. culturable sites from the fish brccding/collcction 

ccnu’cs, the duration of their transport and the dis- 
The dissolved oxygen concentration during solved oxygen content of tlic media at tho time of 
asphyxiation and 50% mortality are shown in Table 1. packing, the basic criteria which tire to be considered 

TABLE 1 : Dissolved uxyi;eii levels and duration of asphyxiation and death In dilt'erent species of carps 


Species 

Oxygen at 

asphyxiation 

(ppm) 

Oxygen at 

50% moaality 
(ppm) 

'1 line at 
asphy \ Ml ton 
(rnimues) 

'lime ai 

50% mottdlily 
(minutes) 

Caila calla 

1.73 ±0.02 

1.60 ±0.05 

35 8 ± 1.8 

36.5 ±1.1 

Labto rohila 

1.71 ±0.01 

1.59 ±002 

34 3 ± 2.7 

41.0 ±2.2 

Cirrhinus mrigala 

1.79±002 

1.65 ±0,02 

34.8 ±2.1 

42 0 ± 4.9 

llypophthalmicthys moltlrtx 

1.61 ±0.06 

1 52 ± 0.02 

37 0 ± 1 7 

36 2 ±0 9 

Clenopharyngodon idella 

1,65 ±0.05 

1.54 ±0.01 

35 3 ± 1 5 

39.7 ± 1 3 

CypTitua carpio 

1,59 ±0.03 

1.43 ± 0.02 

39.6 ± 1 4 

45.2± 1.8 


It is worth mentioning here that there was no signifi¬ 
cant difference in the oxygen concentration both at 
asphyxiation and 50% mortality in the seeds of the 
different species. 

The statistical treatment of the data relating 
to the asphyxiation and 50% mortality levels showed 
1.98 and 1,76. The calculated ‘t’ values were not 
significant as evident from the table values at t. 0.05 
tor 4 d.f. (t=2.776). In this study, the ambient oxygen 
conccmralion of the water at 40% saturation was 
found to be 5.5 ppm (714 mm Hg at 29 ± 2®C) and the 
seeds were found to be essentially aerobic. However, 
when they were allowed at hypoxic levels (1.7 ppm) 
for a period of 36 minutes (vide Table 1), they showal 
symptoms of asphyxiation. Furtlicr retention of the 
seeds in the same hypoxic level for another four 
minutes lead to 50% moruility, the dis.solvcd oxygen 
concentration of which was 1.6 ppm. Jhingran" stated 
lliat the Ictlial levels of tli.ssolvcd oxygen for grass 

carps and silver-carps were lluctUating between 1.0 
and 2.8 ppm. Therefore, it is evident that consumption 
of oxygen by the seeds is mainly depeiulani on the 
dissolved oxygen content of water. 

In this study, die raluction in oxygen con¬ 
sumption by the seeds at asphyxiation could be due to 
their respiratory dependanee a^d no^ due to changes in 
activity. Mortality of fish seeds which wasmainfy due 


by the fish farmers. Extensive studies on tins lino 
would throw more light on this aspect. 
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Solar cncrgy-coiLscrviiig efUcieiicy of 
intercropping sy.stcni.s 

% 

Intercropping or the grwoing ol two (or 
more) crops simultaneously on the same piece of land 
in rows with a dcfiniic geometrical proportion is an 
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age-old practice of farming in India. It has been 
realised that intercropping can give higher yields than 
growing of a single crop alone (sole cropping), better 
use ofgrowth resources being the major cause of yield 
advantage*. This communication deals with solar- 
energy utilization efficiency by four species, culti¬ 
vated as either sole crops or in intercropping systems. 

The present investigation was conducted 
• during 1981-82 at the Maraihwada University Botani¬ 
cal Garden with Sorghum [Sorghum bicolar (L.) 
Moench, PC-6], maize (Zea mays L., Ganga Safed 2), 
cowpea [Vigna ungmculaia (L.) Walp, Pusa Dofasli] 
and dolichos [Lablab niger (syn. Dolichos lablab L., 
local]. The crops were cultivated on 16.5 m^ plots in 
rows,, 30.5 cm apart Sole cropping constituted the 

cultivation of either sorghum (S), maize (M), cowpea 
(C) or dolichos (D) alone in all rows of a plot The 
intercropping combinations included cultivation of 
sorghum or maize wkh either cowpea or dolichos 
(S+C, S+D, M+C, M+D). All intercropping combi¬ 
nations contained the two component crops in 1:1 pro¬ 
portion, sown in alternate rows. The cultivation and 
harvesting methods were the same as given in an 
earlier paper^. 

The dry matter (DM) yield of crop from 
either sole- or intercropping system was expressed as 


g/mVday and was considered as net above ground 
productivity. The energy content was estimated fol¬ 
lowing O’shea and Maguire^. The solar energy con¬ 
servation efficiency of a cropping system was com¬ 
puted according to Sharma^. Net primary productiv¬ 
ity in terms of calories was worked out by multiplying 
aboveground dry matter productivity with caloric 
value of the plant material. The calcaic value thus 
obtained per cm* of land was divided by pholosyn- 
thetically active radiation (PhAR) available during 
the growth period. The PhAR was taken as 47% of the 
solar radiation received on the basis of energy data as 
reported by Khan^ at the nearest station. 

Energy-conserving efficiency is the ratio of 
output of calorics captured by vegetation to the input 
(solar radiation), in an unit area over a certain length 
of time®. Table 1 gives information on assimilation of 
PhAR by sole- and intercropping systems. All inter¬ 
cropping systems resulted in higher production in 
terms of dry matter and energy. Cultivation of sor¬ 
ghum with cowpea and that of maize with dolichos 
conserved solar energy more eifficiently than that of 
the cultivation of sorghum or maize alone. The 
energy-conserving efficiency of shorghut^i + cowpea 
intercropping system was maximum, being 2.02% of 
PhAR received, wherein the top portion of can(q}y 
exhibited a component with high and the bouom 


TABLE 1: Asstmilatiun uf phutusynthGticaUy active radiation (PhAR) by sole and intercrupplng systems 
* with maize (M), sorghum (S), cowpea (C) and dolichos (D) 


1'imc of cultivation 

PhAR received 

Crop(S) 

Net above ground 

Gross energy 

Assiinilation of PhAR 

(growth period) 

during growth 


dry matter (DM) 

conserved 

(%) 


period 


producuvily 

cal/cmVday 



cal/cin'/day 


g/mVday 



July to August 1981 

177.0 

S 

6.85 

2.85 

1.61 

(48 days) 


C 

2.27 

0.76 

b.43 



D 

2.96 

1.16 

0.66 



S + C 

8.87 

3.58 

2.02 

i.sa 



S + D 

8.03 

3.25 

November 1981 to 

227.0 

.M 

7.76 

2,93 

1.29 

January 1982 


C 

2.20 

0.82 

0.36 

(54 days) 


D 

5.43 

1.64 

0.72 



M+C 

7.50 

2.60 

1.15 



M + D 

8.66 

3.21 

1.41 

I'cbniary to April 1982 

289.8 

M 

8.10 

3.71 

1.28 

(56 days) 


C 

4.66 

1.80 

0.62 



M + C 

8.32 

3.41 

1.18 
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portion with low light requitement. The data diows 
that intercropping makes better use of light energy re* 
suiting in higha total productivity. 

The author thanks Prof. R. M. Pai and Dr. 
R. N. Joshi for interest. 

A.M. MUNGIKAR 

Deptnment of Bouny, 

MaruhwMli Untvenity, 

Attnngiba<l-43I004. 
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p. 49, (Today and Tomorrows Prinien and I^jblishera, New 
Delhi). 
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Studies on ovicidal toxicity of few 
pesticides and a chitin synthesis 
inhibitor diflurobenzuron in the control 
of sorghum spider mite Oiigonychus 
ihdicus Hirst (Acari: Tetranychidae) 

The spider mite Oiigonychus indicus Hirst is 
one of the important noninsect pests occurring on a 
wide variety of cereal crops and moe so on sor^um 
and sugarcane causing substantialyield losses\ Some 
Qi the pesticides used to control this mite pest not only 
kill ai^ve sthges but also eggs. The present study 
deals'with the ovicidal action of certain commonly 
available pesticides which are used by the farmers and 
an insect dbilin synthesis ii^bitor against eg^ and 
active stages pf SOTghum mite. 

To find out the ovicidal toxicity of the 
pesticides, the gravid females from laboratory bred 
pure culture were allowed to lay eggs on sorghum 
(CSH-l) plants of 40 days old grown in pots. The 
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leaves with one day old eggs were plucked from the ^ 
plant.and each of them was kept afre^ in a peiridish 
by placing wet cotton wad around the ba» of the 
petiole. The leaves bearing eggs w«e sprayed with 
the pesticides at recommended cont^trations and 
diflurobenzuron at six different concentrations 
(Table 1) with the-heip of an atomizer to have a 
uniform coverage. Each treatment was replicated four 
times. Observations were made daily on the hatching 
of the eggs. The number of eggs hatched in each 
treatment were recorded upto one weel^ after treats 
ment and the per cent mort^ty was calculated. The 
effect of six concentrations of diflurobenzuron was 
alsomadeon thedurationof immatuiedevelopmentof 
spider mite (Table 2). This study was conducted at a 
temperatureianging from24.90to27.3*^ and relative 
humidity 78 to 90.11 per cntL The individual mites 
were reared on insecticide treated excised leaves 
which were cut into bits of 2.5 cm^ kept upside down 
on wet cotton contained in petridishes of S cm diame¬ 
ter. Fourgravid females of 0. i/idi'cus were confined 
on each leaf bit and were observed every 30 minutes 
for egg laying. As soon as one to two eggs woe laid 
thetime wasnraedand females wereremoved. Obser¬ 
vations were made under stcrcobinocular microscope i 

with 20x magnification twice (8 AM and 8 PM) daily, V' 

during immature development. 

The mean per cent mortality of eggs varied 
from 11.89 per cent (0.01% diflurobenzuron) to 100 
per cent(ietradifonanddicofolat0.05%). The highest 
per cent egg mortality was preceded by die treatments 
endosulfan 0.07% (91.58 per cent) fenpropathiiiv 
0.0l4 (86.37 per cent), diflurobenzuron 0.2% (86:0 
per cpnt) malathirai 0.1% (79.48 per cent) decanr* 
ethriii 0.6l4% (77.41 per cent), cypermethrin 0.025% 

(69.96 per cent) and diflurobenzuron at 0.15% (37.52 & 

per cent), 0.1% (33.70 per cent), 0.05% (27.27 per 
cent),0.001% (12,89 per cent) and atO.Ol % (11.07 per 
cent), untreated conuot (water spray) retarded the 
lowestmortality (1.48 per cenO which was on par with 
diflurobenzuron at 0.01% and 0.001%. 

The efficacy of dicofol as an effective ovi¬ 
cide in the present studies is in confonnity with the 
earlier reports*, in which 84 per cent of eggs of 
0. indicus at 0.04% dicofol was obtqjned and com¬ 
plete kill of eggs of this species was recorded using 
dicofol af 0.0391^. Further 100 per amt mortality of 
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TABLE 1: Ovicldal toxicity of few peiiUckks and a chitch tyathesla inhibitor diOiirubctuurua on O. irntfctu 


SI. 

Chemical name 

Trade name 

Percent 

Concentration 

f^ccntmoit 

No. 


\ 

EC/UP 

(%)utcd 

eggi 

1 

Tclradifon 

Tedion ^ 

SEC 

0.05 

lOOj 

2 

Maiathion 

Cythion \ 

50 EC 

0.1 

78.48 ghi 

3 

Dtcofd 1 

Kplihane \ 

18.5 EC 

0.05 

lOOj 

4 

Fenpropaihrin 

Mcoihrin 

to EC 

0.01 

86.37 ghij 

5 

Endosulfan 

Ihiodon 

35 EC 

0.07 

91.58 Mi 

6 

Ethion 

Taphcihion 

50 EC 

0.05 

92.29 j 

7 

Doesmethrin 

Dccis 

2.8 EC 

0.014 

77.41 gb 

8 

Cypermethrin 

Cymbukh 

25 EC 

0.025 

69.96 g 

9 

Dinurobenzuron 

Dcmilin 

25 WP 

0.001 

12.89 abc 

to 

Dinurobenzuron 

Demi tin 

25 WP 

0.01 

11.07ab 

11 

Dinurobenzuron 

Demiiui 

25 WP 

0.05 

27.27 bed 

12 

Dinurobenzuron 

Demilin 

25 WP 

0.10 

33.70 de 

13 

Dinurobenzuron 

Dcmilin 

25 WP 

0.15 

37.52 def 

14 

Dinurobenzuron 

Dcmilin 

25 WP 

0.20 

86.00 ghij 

IS 

Untreated check 






(Water spray) 






S. Ein± 




S.839 


CD. at 5% 




16.91 


Treatments share similar letters arc on par. 


TABLE 2 : Effect of dilTcrent conccntrationc of dinurobenzuron on developmental period of iinmaturcs of 0. ludieut 


SI. 

No. 

Concentrations 
used (%) 


Developmental period (days) of immatuies 


Egg 

Larva 

Proionymph 

Dcu^nymph 

1 

0.001 

Z31±0.36 

1.94 ±0.42 

1.62 ±0.15 

141 ±0.42 

2 

O.Ol 

2.27 ±0.17 

1.94 ±0.35 

2.06 ±0.18 

1.86 ±0.18 

3 

0.05 

2.37 ± 0.20 

1.98 ±0.30 

2.99 ±0.44 

3.05 ±0.17 

4 

0.10 

2.58 ±0.30 

2.03 ±0.24 

3.52 ±0,44 

3.48 ± 0.74 

5 

0.15 

2.60 ±0.30 

3.54 ±0.72 

** 


6 

0.20 

3.98 ±0.30 


* 

* 

7 

Untreated check 

2.14 ±0.12 

1.38 ±0.33 

1.82 ±0.31 

2.43 ±0.24 


* = Indicate immatuies died after egg hatch. 

** = Indicate immaiurcs died after completion of larval period. 

Note: Each observation is the mean of 12 individuals 


Qggs was reported' with the use of ictradifon at 
0.025%, 0.05% and 0.075% and dicofol at 0.05% and 
0.075% which confinn the present findings. However 
no egg mortality of this species have been obtained' by 
using maiathion 0.025%, 0.05% and 0;075%. this may 
be due to the lower concentrations and or the change 
of host used in those studies. The detailed studies on 
the ovktdal effect of chemicals cndosulfan, ethion, 
foiprc^>athdn, dccameihrin, cypennethrin and 
lurobenzuron arc not made carlicnr and therefore form 
a new findings with respect to this species. 


Of the six different concentrations of dif- 
lurobcnzuron tested (Table 2), all have showed acon- 
sidcrable influence on the duration of immature 
stages, the lower conccniruiions cflccied a lower de* ** 
vclopmcntal periods while the higher concentrations 
prolonged those periods. The different immature de¬ 
velopmental periods ranged from 2.31 ± 0.36 days 
(0.001 %) to 3.98 ± 030 days (0.2%) for eggs, 1.94 ± 
0.42 days (0.001%) to 3.54 ± 0.72 days (0.15%) for 
larvae, 1.62 ± 0.15 days (0.001 %) to 3.52 ± OM days 
(0.1%) for protpnym^ and 2.41 ± 0.42 (0.001%) to- 
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3.48 ± 0.74 days (0.1 %) for dcutonymphs. However 
the'concentrations of diflurobenzuron at 0.15% and 
0.2% were prevented larvae and eggs to develop 
further respectively (Table 2). The immatures in 
untreated check took on average of 14 ± 0.12 days, 
1.38±0.33 days. 1.82±0.31 daysand2.43±0.24 days 
respectively for egg, larvae, protonymph and deu- 
tonymph stages. The results indicated that dif- 
lurobt^uron at 0.2% was piost effective on eggs and 
immature active stages of 0. indicus. However the 
lower COTcentrations in the study with less residual 
effects on the eggs and active immature stages are 
partly in support of findings^ in which recorded dif* 
lurotenzuron to be least toxic to adults and nymphal 
stages of Tetranychus cinnaborinus (Boisd.). 

M. MANJUNATHA 
PUTTASWAMY* 
R. S. GIRADDI 

Dq>artnteiu of Eniotnology, 

Univertity of Agriculiunl Sciences, 

Dharwtd-580 005. 

Rectivtd: 14 Dutmbtr, 1987. 

*Regional Research Suiton, 

V. C Fann. Mandya, 

Karnataka. 

'S. K. Gupu, A. S. Sidhu and M. S. Otworia, Journal of Restarch, 
Punjab Agricultural Univ$nity, 9(4). 6t4,1972. 

'A. H. Homey and M. A. Abbasiy, Evaluation of new chemicals 
against red spider mite Tetranychus cinnaborinus (Boisd.), De- 
panment of nant Protection, Faculty of Agticultuie, Tanta Uni¬ 
versity Kafr EL-Sheikh Egypt, 1960, p. 223-228. 

'L R. Jeppson, H. H. Keifer and E. W. Baker, Mites iiyurious to 
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*S. Paianiswamy, T. R. Subramaniam, Sci. cm//., 43(8), 351, 
1977. 

'H. K. Sangappa and T. M. M. Ali, Cerent Rpearch, 4(4), 62, 
1975. 

Drugs suppress brown-ipot infection 
in rice 

Besides the comfentional plant protection 
chemicals, many others have also been tested on a 
variety of crops against different diseases, and success 
has been occasionally reported' Among the elTcc- 
tive chemicals are met^ salts, amino acids, plant 
growth regulators, and diverse other compounds. 
Wain and Cartei*h|tve reported several cases of eflep- 
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tive disease control with drugs like sulphonamides, 
barbiturates, and penicillin. Extensive studies in this 
laboratory have shown that pre-sowing wet seed treat¬ 
ment with a host of chemic^, all known to induce the 
production of phytoalexin type resistance factor in 
plants*, provides effective protection to rice plants 
against brown spot’** and blast’, two of its Inajor 
diseases. Known phytoalexin inducers also include 
some drugs against various ailments'". We report here 
the effect of two such drugs on brown spot of rice 
incited by Helnunthosporium oryzae Breda de Haap. 
These are primaquine, an anti-malarial drug, and 
propantheline bromide, an anti-cholinergic drug. 

Grains of a highly susceptible rice cultivar 
“Dharial” were soaked for 24 hr in dilute chemical 
solution (Id-’, 10^, and or distilled water 
(control) before their sowing in soil in 16 cm pots. 
Plants were spray inoculated with a spore suspension 
(c. 5 X 10 ’ conidial/ml) of the pathogen, when 3 wk 
old. Symptoms were assessed 4 days later and disease 

TABLE 1 r Effect of seed treatment with two chemicals on 
brown sopt infection of rice seedlings 


Trcaimeni 

Cone. 

(M) 

Mean disease 
index / plant*' 

Water (control) 


12.1 

Propantheline 

10* 

6.0 (-50.4) 

bromide 

10* 

11.6 (-4.1) 


10* 

10.0 (-17.6) 

Primaquine 

10* 

14.7 (+21.5) 


10* 

8.8 (-27.3) 


10* 

15.1 (+24.8) 

CD. (P = 0.05) 


2.91 

CD. (Pa0.01) 


4.06 


* Results based on 30 piants, 10 each from 3 pots per treatment; 
Value in parentheses indicates percentage increase or roduoion 
in terms of control, 

index computed taking into consideration both the 
number and relative size of the lesions from thirty 
plants". Propantheline bromide caused contudcrable 
reduction in symptoms at 1 (^’M, but had little effect at 
lO^M and only mild effect at lO^’M (Table 1). Pri¬ 
maquine had less effect Only moderate reduction in 
symptoms was achieved with lO^M but with immedi¬ 
ate higher and lower concentrations, moderate in¬ 
creases were noted. In bioassay against sp&re germi- 
natitm of //. oryzae, propantheline bromide almost 
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totally inhibited spore germination at 1(H and lO^M 
and had a strong effect even at 1(HM, but primaquine 
showed strong inhibitory effect at 10~^M only and 
much milder effects at the low(»- concentrations. 

Propanthcliqe bromide, moreeffectiveof the 
two, was further tested for different duration of pre¬ 
sowing treaunent (24 and 48 hr) alongwiih thioglycol- 

TABLE 2: Effect of duration of seed treatment with two 
chemicals on brown spot symptoms In rice, when 
Inoculated after 2 and 4 wfc. 


Trutment 

Duration 

Mean disease index / plant 
2 wk 4 wk 

Water (Control) 

24 hr 

12.6 

25.5 

Propantheline 

24 hr 

A6(-47.6) 

10.4(-59.2) 

bromide (lO^M) 

48 hr 

6.8(-46.0) 

14.1 (-44.7) 

ThioglyeolUc acid 

24 hr 

4.8(-61.9) 

7.1 (-72.2) 

(10-M) 

48 hr 

4.7(-62.7) 

7.7(-69.8) 

C.D.(P =0.05) 


1.6 

2.3 

CD. (PxO.Ol) 


2.4 

3.3 


Values in parenthesis indicate perccnuge reductions in temis of 
control 


lie acid, a reducing agent reported earlier to be a strong 
inducer of resistance®, used for comparison. Rice 
seedlings were inoculated at two stages, after 2 and 4 
wk. Though both compounds provided rice plants 
signiHcant levels of protection ^tween 2 and 4 wk, 
propantheline bromide was not as effective as thiogly- 
collic acid (Table 2). Nevertheless, these elicited 
almost similar host responses. With both, the induced 
resistance took time to develop and mostly became 
stronger at 4-wk stage. Increase in the duration of 
treatment from 24 to 48 hr did not result in any better 
protection; rather with proptuiiheline bromide, there 
was a decline in effect ^ter 4 wk. 

It appears that like oUier phyioalexin induc¬ 
ers, those with medicinal properties may also be active 
on plants against their pathogens, the magnitude of 
effect varying with the compound. There is neither 
any concentration effect nor longer treatment led to 
any greater effect. Further, the induced resistance 
takes time to be optimally active and becomes strongs 
in older seedlings, at least up to the stage observations 
were made. All these would suggest that propanthe¬ 
line bromide controls brown spot infection in rice 
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plants not throu^ any direa action on the pathogim 
but possibly through some induced changes in host 
met^lism that does not favour its contuiued activity 
in-vivo. The scope of using such drugs in plantdisease 
control merits exploration. 

S.C.KAR 

A.K.SINHA 

Dept, of Plant Pathtdogy, 

Buihan Chandra Krishi Viawavidyalaya. 

Kalyam-741235. West Bengal 
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Further studies on the control of loose 
smut ofwheat by water soaking of seeds 

Tyner* was the first to report complete con¬ 
trol of seed-brone loose smut infection of wheat in¬ 
cited by Ustilago triiici (Pers.) Rostr, by pre-sowing 
soaking of grains in water for 48 hr. Some later studies 
reported complete control by such treatment 
longer^ or even much shorter* period. There is much 
variation in these reports about the period of soaking 
peeded for complete control. Most of these studies 
had been done with seed samples having low inci¬ 
dence of infection. So, the availability of a wheat seed 
sample with high pweentage of infection prompted us 
to reinvestigate the effect of seed soaking on loose 
smut disease of wheat 

Wheat grains (cv. Sharbaii sonora) were 
soaked in distilled water (pH 7.0) or lubewell wmer 
(pH 7.6) for 12,24 and 48 hr and also for 24 hr in 
distilled water brought to lower (5.6) or higher (7.6) 
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pH and then sown, twenty<five in each of two 28 cm 
pots per treatment In the control tieaunent using dry 
(untreated) grains f(v sowing; 63% plants develq)ed 
smutted head. Soaking even few 12 hr had an appre> 
ciable inhibitory effect, causing 28% reduction in 
disease incidence irrespective of the source of water 
used. Following 24 hr treatment, much increased 
reductions were recorded, as high as 75% with dist 
water at pH 5.6 and 7.0, slightly less with same water 
at pH 7.6 and furth» less though stiU significant (50%) 
with tubewcll water (pH 7.6). Complete control was 
achieved with 48 hr treatment, irrespective of water 
source. While picro-aniline blue stained longitudinal 
sections from ten infected plants in the control treat¬ 
ment showed hyphae all along the stem up to the base 
of the smutted head in every case, none from the same 
number of plants in both 48 hr treatments showed any 
fungal presence in the stem suggesting the develop¬ 
ment of a fungitoxic condition in these plants. There 
had been r^rts earlier also about the presence of 
fungitoxic factor in wheat germ extract obtained after 
soaking^•^ So, further studies were undertaken in this 
respect. Wheat grains w^e soaked in dist. water (4 g 
in 10 ml) for different periods from 2 hr (just to make 
them soft and exuactablc) to 48 hr. Afterwards, each 
lot of soaked grains were thoroughly washed in water 
and then exuacted in a mortal and pestle with 10 ml 
of dist water. After clarification through centrifugtt- 
tion at 8000 g for 10 min, these were assayed for 

TABLE 1: Effects of extracts from water soaked wheat grains 
(cv. SbarbaU sonora) on spore germination of 



H. Sati¥um 


Extract from 

Spore germination 

Mean germ 

grains soaked 

(*)* 

tube growth 

for (hr) 


(pin)+ 

2 

70.0 

112 

12 

60.8 (13.1) 

25 (77.7)** 

24 

44.2 (36.9) 

11(90.2)** 

48 

22.7 (67.6) 

4 (96.4)** 

* Avenge of 400-420 spores 



Average of 90 gennUngt 
** Treatment effect significant at 1% level 

Dau in paienthesei indicate pcrcenuge rcduciioni in 
tenns of that recorded with extract obtained Bfter2 hr 
soaking. 


fiingitoxicity asainst HeUmnthosporium sativum 
Pttnmel, King & Bakke» a wheat pathogen, by slide 
genninatkm technique^. As compared to the extract 
from grains soaked for 2 hr that fnxn grains soaked for 
12 hr only mildly inhmiled ctmidial germination but 
siqipress^ germ tube growth substantially (Ipabie 1). 
With 24 hr soaking, inhibitory effects further in¬ 
creased, and after 48 hr, very strong effects were 
recorded? 

Though bioassay was done not with V. tritici 
but with another wheat pathogen, still the greater 
inhibitory effect of various extracts on g^ tube 
growth than on spore germination is of significant as 
in the case of loose smut, the success of infection 
depends on early activation of the ‘dormant* myce¬ 
lium within Uie embryo and its rapid ^owth into the 
emerging shoot. Even after 12/24 hr soaking, enough 
fungitoxicity may develop in many of the infected 
grains to suppress further growth of the activated 
mycelium so that it fails to reach the stem in lime. 
After 48 hr. this happens in every grain thus providing 
complete control of loose smut. 

Thanks arc due to the Deparunent of Plant 
Pathology, Haryana Agricultural University, Hissar 
for the supply of infecuxl seed material and also to the 
C. S. I. R. for financial support to the research project 
as a part of which this woric was done. 
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Biosy«tb«sis and qualitative analysis of 
cardenolides in Cdlotropis gigantea 

V 

Calotropis gigcuuea (Linn.) R. Br. ex Ait is 
an important medicinal plant with many therapeutic 
values*'’. It acts like DigitaUs particularly for heart 
diseases* due to the presence of cardiac glycosides 
(cardenolides), the chief secondary metabolites of the 
plant’**. Still very li ttle systematic efforts have been 
made both in in vitro^'* by earlio' invesUga- 

tois to explore and exploit this valuable drug, enriched 
with cardenolides. Therefore, the study was focussed 
(Ml the biosynthesis and qualitative an^ysis of carde¬ 
nolides. In this connection, cardiac glycosides (carde¬ 
nolides) have been quantitatively measured from the 
roots (as roots contained maximum amount of active 
principles). An atrempt was also made to elucidate the 
role of micro- and macro- elements in biosynthesis 
this active principle. Qualitative study revealed the 
presence of two cardenolides, Calotropin and 
Uschandin which were confirmed by co- ILC and 
HPLC analysis both in situ and in vitro. This commu- 

TABLE1: Distribution of Cardiac glycosides (per cent of dry 
wt) in different population of C. gigantta 


Vari«y 

P-1 

P-n 

p-in 

Red 

0.88112 

0.60124 

0.81124 

White 

1.22120 

1.42120 

0.96110 


nication also rqports that cardmolide biosynthesis is 
related with and effected by the relative quan% oi 
micro- and macro-elctncnts. 

Roots were collected from one-year old cn^ 
of both the \^ties (red and white*) of C. gigatuea. 
Three different populations, P-I, P-n md P-IU 
(Tablel) of BCCL, Dur^apur. IlSCO, Btimpur and 
RLT, Bolpur respectively were considered for the 
study oi ix:tive principles. Quantitative and qualita¬ 
tive studies of cardenolides were carried out by taking 
1kg material from each pqittlation. Qualitative study 
in tissue culture was done from thec^U produced on 
MS (Murashige and Skoog) medium. Other tissue 
culture aspects have been reported earlier’'*’. Both 
friable calli, produced by 2, 4-D (2,4-(lichlorophe- 
noxyacetic acid, 2 mg 1~*) and lAA (indole-acetic 
acid, 2 mg 1'*) treated hard calli of 120 days were 
undertaken and cardenolide contents were determmed 
following the method of Brower et al. **, where Dig- 
itoxin was used as standard*’. For qualitative study of 
cardenolides, modified method of Sieber et was 
considered followed by TIC and HPLC analysis. 
Compounds extracted in different solvents*** *’ were 
separated out by TLC and identified b)^co-TLC** and 
HPLC analysis which was done on a column C,- 
Reverse phase of UV- Spectra Physics Model SP 8440 
with the operating conditions as follows: eluting 
sof^t, methanol; flow rate, 1.5 ml/min; wave length 
of UV-detector, 226 nm. 


TABLE 2: Relative amounti of some macro- and mienMiements, pH and conductivity In soil samples of various populations 


Variety 

Fe 

Mn 

Zn 

Cu 

(krbon 



pH 

Conductivity (TSS)* 


(ppnt) 

(ppm) 

(ppm) 

(ppm) 

(organic) 



value 

milihot/cm 

Red 

20.80 

15.20 

4.20 

9.96 

i.43 

16.6 

75.2 

7.2 

1.10 






(VH)* 

(L)* 

(VL)* 

(N)* 


P-1 White 

27.20 

14.00 

7.20 

7.30 

1.40 

13.4 

129.2 

7.7 

0.30 






(VH)^ 

(L) 

(L) 

(N) 

(N) 

Red 

9.60 

3.60 

16.60 

7.30 

1.13 

20.5 

385.0 

7.1 

a23 






(VH) 

(M)* 

(VH) 

(N) 

(N> 

P-n White 

33.60 

12.40 

6.80 

24.56 

1.40 

12.2 

273.0 

7.9 

0.22 






(VH) 

(L) 

(H)* 

m 

(N) 

Red 

27.20 

30.80 

10.60 

16.60 

1.29 

18.6 

371.0 

6.7 

0.29 






(VH) 

(L) 

(VH) 

(N) 

(N) 

P-nr White 

9.20 

4.00 

25.00 

19.25 

1.40 

9.9 

258.0 

7.0 

0.29 






(VH) 

(VLj 

(H) 

(JO 

(N) 


* TSS ■ Total lotubk lails; VL ■ very low; L ■ Low; N * Nomtal; H a High: VH > Very high; M > Moderam 
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Table 1 shows ihe corrclaiive studies on 
cardiac glycoside content of the two varieties of C. 
gigantea. Iliey reveal that the industrial pollutants of 
P-II have greater effects on reduction of cardcnolide 
content in red variety and not in P-I with the healthy 
pollution-free population (P-III). Howeve^, the white 
variety of P-II did not show any reduction in its 
content and lower amount was achieved in P-III. At 
the same time, the white variety contained more car¬ 
diac glycoside than the red variety. 

Soil analysis of P-II (red variety) and P-IU 
(white variety) revealed the presence of lower amount 
of Fe and Mn and higher amount of Zn (Table 2). 
Significant changes were noted in the white variety of 
P-II. Organic carbon was found to be very high in all 
cases and N-contents were normal. Phosphorus 
contents were lower in all populations of the red 
variety except in P-II and similar conditions were 
observl^ in three populations of white variety. Potas¬ 
sium content was found very high in P-II and P-III of 
red variety. Lower amount was noted in P-I of both 
the varieties. pH and conductivity (TSS) were normal 
in each case. Thus, Fe, P and K play significant role 
in the biosynthesis of cardcnolides. Qualitative study 
on callus tissues and in vitro raised roots revealed the 
presence of a number of cardenolides. The amount of 
carefenolides enhanced with the age of the culture^* 
Two cardcnolides—Calotropin and Uscharidin— 
were confirmed by co-TLC and HPLC analysis like in 
situ condition. 

The author is grateful to Prof. G. N. Bhat- 
tachhryya and Dr. S. K. Datta, Dept of Botany. Visva- 


Bharati forj^oviding facilities. Thanks are due to Dr. 
S. B. Mahaio, Indian Institute of Chemical Biology, 
Jadavpur for HPLC analysis; HFCI, Durgapur for soil 
analysis and Indian Science Congress Association for 
Financial assistance. 
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SCDENTOTC ATTITUDE 


T he Indiffii Sdrace News Association est^di* 
ed (193S) more than three years back has f(N 

its main aim the dissemination of science. Its found¬ 
ing fathers had realised cteariy that without a sound 
acientific and (echnobgical b^ a nation could not 
pn^ress and the develqprornital programmes to alien¬ 
ate the woes of the petite cannot succeed. Oneraay 
recall in this contort the opinion held by Adam S mith 
of the United States of Amenca almost two centuries 
ago: tAe wealth cf a na&on depends in part on the 
Mils and knowledge of its people. In the thirties when 
the world was on die threshold of great scientific dis- 
carries and r^id technological revolution die under¬ 
standing of new scientific ideas and devekqiing tech¬ 
nological skills was bound to follow as determining 
factorsfiNbringingiRusperitytoanation. Atthattime 
the Indian populace was in a State of flux. Theideato 
Ixeak the Quickies of colrmial nile and gain total inde¬ 
pendence had caught die imaginatioa of the general 
masses. The intellectuals, who were wruclpng the 
progress made by other indqiendent countries, were 
convinced about purposeful scimitific jdaming. 
Pandit Jawaharlal Netm who was very much im¬ 
pressed by the sapid developirwnts brought about by 
the fiveyear plans in Russia hadinitiaiedagroop in the 
Indian Nadoiud Congress to discuss scientific phm- 
ning for die country in the late thirties its^. Andihft 
idmform of Indian Science News Assodatkm was 
used to vendUate seme of the nebulens ideas of grem 
dthdcersofdiittiine. Itmaynotbeanexaggeiiratkniif 
lit ^ said that pages of icfoAce 4 CnAure hadthe 

geneaUoilndian’sNatfoaalCPiveyea^plans^ ^vii^t 
, tnveiaed a^stanceof 11 ^ than f% yamia thtn^ 



ItiscommoolyacceptediodaythatscieiKeis 
a mystery to great numbers—titat it tqi^pears to be 
largely inaccessilrie even to men and womeii who 
believe themselves educated-end this condition is 
scarcely improving. Ihis is not only true abbot the 
under-developed countries but dm alarm is noticed M 
rmuiy developed ones too. Even the United States 
laments atitsdeoeasing scientific Uteracy. IthasbeA 
obsnved by many ecottCNnists in a number of studies 
whidi reveal that dnoughoot die world—hidhidlag 
the less industrialised countridS'-^ abilities of dm 
per^e, together with the advances in knoi4(^, 
have raised their economic standing and with it, other 
aspects of life that contribute to thdrovetaU sense of ' 
wellbeing. Accrxding to Theod(»e W Sdiultz, 
a Nobel prize winner in economics. sciem» is a 
spedcUfortn of'human made* capital ;U is embodied 
in sclent^ literature, ineconondcalty productive de¬ 
velopments suchascomputersandhybride<mi,dndin 
human beings. To broaden knowledge cf it re^pi^ 
the investment of scarce resources—maitUy the dme 
and effort of people— to gainfidure returns and sat- 
isfaction. JAe improved literacy—sdentfic techno- 
logical and other kinds—that is the result <f suck 
sacrifices has been fiur more important totheindustri- 
tdizaHon of the West that is generally adamdedged. 
And it wUl contbiue to be as wtal to the weU being of 
post indmtrUd or information socieHes askisfarlow 
btcome countries seeking to modendte. 

The acquisition of acientific literacy andthe 
enlargement of general knowledge on the part of dtp 
inifividutd had only bemi irmiitively undetnood tmd \ 
was best observed in extreiiiecases. However, disdn^ 
guished 'Scieoiifie aocoiiqilishments is a matief of 
oppoebmity andof cottinn^ effort . 

Q^toi^perfodsoCtime. WhenNewtonwatiiliisS ] 



? 

j how he had mmged to surpass the discoverieaottii^^'^^hancMW Since Ja|>a(t lac^(iv|ihi^^ 

pcedecessors^ in toth quantity and qualitjr, herded, arable lan^. and untiiiecrat^.i^iuicit^fei^^ 
always thinking about them”. The axnment of uprecedeittadsuccettmustihh^pahkttibutkm ^’ 
[ Oauss to such a question was “if others would but investments in htpiian fcnov^edge add syff t yand iih* . 
) leflea on mathonatical truths as de^ly and continu- proved western te^juKilogy. 

I oasiya8lhave.theywouldnwkemyd^yeries"and Soon after independence, India embaiketfon 

I it IS apparent that the idea (tf'instant' scieiuificdiscov- scioitific planning of its economy and put stress on 
I eriesisamyth. technological develqimrats. Thanks to the farsight^ 

I This is true also regarding accomplishm^ts edness of its first luime minister Pandit Jawaharlal 

• in many other areas. Psydiotogical studies of the lives Nehru, whocouldpersuadehiscabinetcolleaguesand 
I (^eminent painters, writers, musicians, phibsr^hers, t^ethem along. This year, thebkthcentenaryyearof 
I r^igiois leaders, and scientists of inevious centuries PanditNehru.thenationcould{qipreciatefarbetterthe 
I as well as prize winning artolescents, reveal early, course tak«i by him amidA the shattered economy of 


intense concentration on previous wtxk in their fields, 
I often to the near exclusion of other activities. Sctence 
I andmathonatics.becauseofdieir highly specialised 
'} and abstract symbolic, may require the greatest 
I concentradonandperseverence.Thesameftindainen* 
I taldiOus^tptocesses,moreover,appeartoberequired 
I in both etemmitary and advanced science. The^vel- 
I oprndntofriteracy, acquisition of inforination, and the 
^ problem sdving ctf beginners differ in degree rather 
ii than in kind from the mental activities of experts. Tlw 
I scarce resources are oi^KMtunity and concentration 
I rather dian the amount of infonnatiem available or the 
processing apaciQr of the mind, both of which, for 
? practical purposes, are unlimited. 

The prospect of {vodigirai's and sustained 
I concentration8houldimpressthenovice,especiallyin 
I science aqd madiemaiics. Yet a small fraction of the 
I total is required for literacy, only an extra hour or two 
I per diQ^, taken, periups, firm usual several hours of 
I other activities for b^ adults as well as children. 
I Children of nramal intelligmce possess die requisite 
I mental mechanisms and jnocesses for reqiectable a^ 
|tainm^ts; they can acquire scientific litoacy and 
I master the inframation skips. 

\ A good example to cite is that of J^ianwidi 

1 its uj^ecedesiied post-war econranic growth. Jipan 
. ; was relatively poor, cranpared to many western coun- 
|trie$, in the ^y part of this century, with practically 
nophysica! resources. It showed to the wex^d that he- 
ire^ycttuxit determinelatge changes Over ^ort time 
|pe»^, l^tdianges are mostcenainly attributable to 
'soci4ehyiioiBneat, family circuin$iances,educatk^ 
health, ^ .^qdwr. human capital hivesinpiet aid 


the post colonial days. His stress on research in 
science and technology have started bearing fruits. 
The steady growth of economy is the result of the right 
path taken by the successive govmiments following 
the cue given by the first prime minister. The cadre in 
the fundament^ research in all branches of science has 
steadily increased and has got quite creditable reputa¬ 
tion in the wculd scientific community. The ipplied 
sciences and technology have taken great stri^ but 
because of die large (and increasing) population the 
eftects ate felt marginally. To make this progress 
more meaningful what is required is the right scientific 
attitude, which cannot be brought about over a short 
period but has to be cultivated or developed. The 
government can wish and stress the need of it and take 
satisfaction in the potial success ofits plans, blaming 
the shcHt comings on this aspect. Scioidfic attitude 
amidst people has to be iiK^uicated by voluntary (vgan- 
isations. mass media and educatitmal institutions, the 
last one especially in younger generation. 

What is required is the removed of supersti¬ 
tious beliefs,either broughtaboutby obscure rdiigious 
rituals or social customs. A deep bed^f in fate is the 
othwchaacteristicofli^dianixpo^imi. Thisatdtu^ 
has g(H a great lettodiitg on any diing a mat 
wants to do and can do. Science and modern technol¬ 
ogy have changed the fates of many a nation. Agood 
example are the countries around Japoi in Asia* 
where, to put in a few words, the peopte have tidten^ 
destiny in their own hands, ft can be achieved by 
conveying to the masses.thb beauty of scibce as 
reveal^ m the jicientim and th^ benefits of te(%(^ 
gietf fiillo^dnir it M 




However, dUsemlhatipii of science or ind 
technotogycQimntutication is notwieasy taidc. Great 
. ^faasiolietaineniKatoC0nv(^vMoQg^i^^ 

. ^hich it^j^eati id^.. — ^ —- 

there isas^imvatand^hi^ respo;Mt»iity^I^e{)^ saUefii^oneyettl^c^ 
science popularisersfKi this account inscierKeandtechhdoi^cothm V', ' Vl 

The Indian SciOKX Mews Associ^ion has The eastern regk>nat 

; taken iq)on itself, the task of training young ^uates Oct(d)er 4-6,1988 with various acadeihte 
fra- science and technology communication in various from the univttSities, journalists ratd me^a 
media practices. These courses given in the evening nets was useful exercise. Orpnised by Ihe !ht|lan 
fOT five to eight weeks to students who have achieved Sciimce News Association, itis expected dut die final 
certain amount of cranmunication Skills and have a report will be brought out before the end of the year ill 
flair for science & technology, are gaining in pr^Iar- the pages of Science & Culture itself. The approach 
ity. However, compared to the task outlined above, papertedetiboateuponandtepro^icedtefirialr^Kirt 
the achievement of the Associatirai is very small. But is given in boxed fenm. It gives the likely items diat 
there is satisfaction thatthe impact of the workis in the will be included in the syllabus. We emnesdy hope 
right direction. that our humble attempts will be rewarded ^ 

The government of India through D^art- adoiHion of the syllabus by some university in the 
ment of Science & Technology (DST) has initiated a region. Q 

more to introduce rigourpus and conventional courses B.B. BtiUgi 
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APPROACH PAPER ^ 

1. Communication : Definition, Principles, Need for Communication-Communication as a 
social process. Impact of Communication on society and culture. Communicatioii for 
development 

2. Classification: Personal, (Group/Large gathering) 

3. Mass Communication: Special target groups. 

4. History of Science & Technology Communication (through the ages) 

5. Role of language in communication. 

6. Means of modern Communication: (Type of Audience) 

Print Media: (Newspapers, Journals, monographs, books) 

Electronic Media : Audiovisual: Radio—TV—Film 

7. Communicatirm Technology: (a) Development of the print media. 

(b) Deveir^mimt of Communication by We and wireless. 

(c) Development of visual communication 

(d) Computer communicatiott. 
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communicator. . 
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VOLCANIC ERUPTIONS AND CLIMATE 

P.K.DAS' 


The article reviews the impact of volcanic eruptions on the earth’s climate. The main 
features of major eruptions are summarised, and the optical features of magma are discussed, 
lliese properties are discussed in the context the radiation balance of the earth and* 
its atmosphere. A comparismi of the greenhouse effect due to aerosols between the earth and 
Venus is made. FinaUy, we discuss the implications of volcanic eruptions on the earth’s 
climate. 


Introduction 

Small particles of dust, or aerosols, can 
change the intensity of soltaradiation by absorption or 
scattering. In this context, it is relevant to consider the 
imp^ of vdcanic ouptions because they release 
lar^ numbers of aerosols with explosive violence. 
The subsequent spread of the aerosd population, as a 
fiaiction of space and time, it ctqiable in influencing 
the earth’s climate. Our concern over climatic 
changes is exacerbated by the possibility of a nuclear 
winter. But, although nuclear winters ve an outctane 
of human folly and are not natural catastrophes, there 
are similarities between the repercussions of a nuclear 
explosion and a volcanic eruption. 

Lack of information on the opticnl properties 
of aerosols and tli^ir distribution in space makes it 
difficult to quantify their impact on the earth’s radia- 
titm balance. But, one aspect is fUirly clca**: a thick 


laya of dust cx ash particles will cutt off a substantial 
fraction of incoming smligfu. 

Kondra^ev^ refers to a publicaUon by Bui- 
jamin Franklin in 1784 wherein it was suggested that 
the abnormally low temperatures of the previous 
year’s summer of 1783, and the severe winter that 
followed, were caused by the heavy load of volcanic 
smoke in the atmosphere. This was smoke released by 
uuptions from a crater (Laki) in Iceland. The erup¬ 
tions began in June of 1783 and lasted eight months. 

Major eruptions 

The debris from a volcanic eruption is 
magma. T)il^ is a p^ mixture of molten rock and 
lava from the earth’s interior. Spectacular sunrises 
and sunsets with red or orange ^ies are seen ovu 
many parts of the glc^ following an eruption. They 
are effects of scattering by micron sized aerosols. A 
micron is a millionth of a metre. 

The main feature of prcuninent eruptimts of 
the past are summarised in table 1. 


TABLE 1: Prominent Volcenic Eruptions* 


Volcano 

Country 

Year 

Magma 

(tan’) 

H 

(km) 

HjSO^ 
(million tons) 

Temp, change CC) 
over N. H. 

L 

.2. 

3 

4 . 

5 

6 

7 

Laid 

Iceland 

1983 

13 

Low 

100 

-1.0 

Tanbon 

Sombawi 

Ihdonesta 

1815 

SO 

45 

150-200 

-0.4 to-0.7 

Krakii«a 

Pakauls. 

Iqdonedia 

1883 

10 

40 

50-55 

-0.4 

ScMvla 

Caribbean It. 

1902 

9 

30 

20 

-0.04 


Alaska 

1912 

15 

2? 

20 

-0.2 

ML Agmig 
ScHeHns 

BaU, hdonesia 

1963 

. 0.4 to 0.6 

18 

10*20 

-03 

Wediingtan 

1980 

0.35 

22 

3 

Oto-0.1 

%likiloa 

Mexico 

1982 

OJS 

26 

I0y20 

_ 


'Cemnfor Aenoinherie Sefawc^lMtiH iniiiiHtr.of T^chaotoiy. 
HioxKiMs.Newi)6ihm001$, 

SOBI^ qJLTORS, PCTOP^ 19111 





Tile entries in the filtheduntfi ft) Uw 
altiftide reached by the debris ih kiloRit^. th^ Iftst 
coiiimn pnnvides yalnes of tba aveta^ cot^ing ob> 
served at the ground over tte ncidiem hemia^rfier^ 
Note that all major »iq)tions lead to cooling near the 
ground. 

An indication of the explosive force of 
eruption is provided by the Tambcra eruption of 1815. 
Itwas estimated that the debris were lifted upto45 km. 
despite the high»' stalnlity of the stratosphere. 

The bulk of the debris from these eruiaicms 
are able to travel round the globe in three to four 
weeks. Volcanic clouds generally extend from the 
tropical tropopause (16 km) to an altitude of 30 km. 
The peak concentration is around 25 km. The debris 
consist of ash. compounds of sulphur, chlorine and 
silicates. 

The longer particles of ash tend to be re* 
moved by sedimentatioii of falling rain within a few 
days. On many occasicxis. 4he suli^ur dioxide com¬ 
bines with water vapour to form minute drops of 
sulphuric acid. These drops, which have diameters of 
the order of a micron, are efficient scatterers of solar 
radiation. 

A side effect of volcanic delds is interfer¬ 
ence with sensitive radiation measuring equipmrat on 
satellites. This happened in 1985. Ground based 
measurements of (none could be also influenced by 
chlorine. 

Optical features 

Most of the radiation from the sun arrives on 
the earth in the form of shcnt-wave (visible) radiation. 
This is in the wavelength range of 0.2 to 4.0 microns. 
Some of it is reflected back to space by air mcHecules. 
clouds and the eardi’s surface. But. about 51% of thp 
incoming solar radiation is abscHbed.' It heats the 
earth. 

The warm eartfi emits long-wave infotred 
radiation. 1hisisintherangeof4.0ft)80inp(»s. A 
part of the long wave radiatton is absorbed by the 
ttmoqrtieie. Iher^tionofii^wdradiaritminttw 
atino^)heie is leforted tons the “greenhouseeSfect*'- 
Aeios(d4 contrfoum to foe gremihbose 
(motribufoiB^ sm^ fo other gmen- 


housegases, suches, carbon dioxide, ozone, mefoiiiii^ - 
or foe oxides nitrogen. 

Tlfo piuic^ role of Bero$(}b is to 
int^ty of solar ra^on (short wave) hy scattering 
and absorption. This is measured by (i)iUiexfo|Ctk)n 
coefficient (KJ and (ii) and absorption coefficaent 
(K,). Both coefiicioits are expressed in units 

wh^ g is the mass of an tboscd particle. The 
difference between (i) and (ii), namely (K^ * k,) is foe 

scattering coefficient, while foe ratio (K. - k )^.isfoe 
single scattering albedo of a particle. It measures foe 
reflective power of a single particle. If we multiply K, 
by foe amount of particulate matter for every sqnare 
metre along foe path of radiation (in units of g/m*) fooi 
we have a dimensionless variable which is known as 
the '(^tical depth*. Thus, if 5a be foe distance 
traversed by the radiation through an aerosol lay^ foe 
optical depth of the layer will be 8a. 

Another impcxiant feature is the refractive 
index of an anosol. This is a complex variable with a 
real and an imaginary part. The complex pmt ttf the 
refractive index measures foe'de^ay in foe amplitude 
of the incident radiation on striking a particle for unit 
distance. It is thus foe abstxpUon coefficient (K^ oCa 
particle. 

» 

The impact of solar radiation on a dust par¬ 
ticle creates a fosturbance. The amplitucfo oi the 
radiation is thereby diminished and a ^herical wave 
is generated at distances that are large compared to foe 
wavelength of foe incident radiation and the size of the 
particle. The energy carried away by jthis vrave is the 
scattered energy, and foe ener^ lost by foe incident 
wave is measured by theextinctionco^cient. Fuller 
details of foe scattering jMOcess will be found in a 
publication by Van de Hulst’. 

The optical d^fo of the aerosol layer 
associated with foe El Chichon eruption (tf 1982 was 
estinutted to be around 0.12. This was sufficient to 
decrease the intensity of incoming sunlit by 18%. 
But, by way of (xmtrast, foe reducti<m of sunlit by a 
hypothetical nuclear explosion will be mtidtRinfo. 
Tire transmission forough an aoosol (ft smoke 
fUled 'medium is given in tabte 2 for a s(foft zetfoh 
aagleof6(F. 
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0^ depth 

TVMwiiikNi 
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Opbionsdififer.btttit has been estimai^ 
a nuclear exiMon of medium size could ^neiate 

2 X grams of soot and smoke. This is the 
etjuividentof 2 billitxi metric tons and an optical dq)th 
of 4.0. The extinction of sunlight will be much more 
than the 18 per cent decrease caused by magma from 
the Ellchichon eruption of 1982. There are uncertain¬ 
ties in these figures; one does notknow, forexample, 
how far or how high the smtdce will travel. But, the 
possible repercussions are clear. 

Comparbon with planetary dust ^ 

Venus and Mercury are the (xily two planets 
tibser to the son than Earth. Some information about 
' their atmosph^ has been gathered by sapce ixobes. 

The thick and cbody atmosphere of Venus 
exerts a pressure on its surface which is almost a 
hundred times greats than the Earth's atmosphere. 
Astronomers find that despite the slower rotation of 
Venus round the sun, and on its own axis, its atmos¬ 
phere has clouds that travel around the planet every 
four Earth days. They indicate very strong winds in 
the upper ahnospheie. Around 1982, the Soviet space 
ships Veneras 13 and 14 landed <mi Venus and one of 
them stayed fra* over two hours. It r^xxted a bright 
orange sky and rocks of reddish brown colour, similar 
to what is observed after an eruption. 

Despite the fact that the atmosphere of both 
Venus and Mars is largely Carbon dioxide, and the 
Earth's mmoi^heie is mostly Nitrogen and Oxygen, a 
comdderable amount of micron-sized sulphur par- 
ticlexhas been fi^d in die atmospheres of Venus and 
Earth. On Ean^ the aerosol layer is concentrated 
around 18-20 km with a density of 1-2 cm** for 
partied wiA diameters ofafiracdon of a micron. The 
jdiobal cloud cov« on Venus is located at a higher 
altitude of45-75 km. Tfaeirntimberdensityisabouta 
bundled timesgreater than that fmmd m the Ea^ 
moisi^ete. Ibder the main cloud cover of Venus, a 

32(>, 


thinner hyeiTof has been obaeivedinidtifudas 
betweenv - ' ‘'■ -• 


l^ieres of diese dim planetsMhe Etfdw V«^ 
Ma(s-4s believed tb be ^ to voicam nedv^. 
There is evidme of pomistent volcanic erup&ms on 
Nbrs. but the evideiice is not so 0rm on Venus. 


Differences exist <m the time required to fenii 
sulphates in the atmosidieres of Venus and Mars. 
These differences arise because of lack of oxygen in 
these two planets. Oxidation of sulphur is a compara¬ 
tively slow^ process ui both Mars and Venus. 

Numerical models of the Martian atmos¬ 
phere has been attempted. The information diat is 
available on wuids suggests considerable subsiding 
motion during most parts of the year. This is believed 
to be the cause of sedimentation of sulphate-panicles 
to the ground. Fairly hij^ concentrations of sulphates 
were observed near the landing sites of the Viking 
space craft on Mars. 


Climatic impacts 


We have so far considered only scattering 
and the extinction of sunlight by a dense aerosol layer. 
But, thoe are oth^ possiblities to be considered. 

The impact of volcanic eruptions on climate 
occurs through an increase in stratospheric dost, espe¬ 
cially in the post-eruption period. This leads to warm¬ 
ing of the stratosphere and a slight cooling of the tow^ 
troposphere. 

Few attempts have beoi made to relate the 
mean temperature of the atmo^here to volcanic orap- 
tirais, but the evidence is not firm. Thus, the absence 
of volcanic enq}tions for almost three decades aft^ 
the Katmai eruption of 1912 could have been partly 
responsible for a warming of the atmosi^ere from 
1920 to 1945, but apin the relation betw^ die two, 
volcanic dust an4 g^bal warming, is not wthout 
ambiguity. 

Cooling near the surfKe and wvming aloft 
(stratosphere) is theresultof scauermgandabsrapdon 
in different wavdengths. Warming of the strato¬ 
sphere is usually an outcome oi d^tHption in the 
infratediegitm by stratospheric aerosols, Thecooting 
near fto ground is usudly anaU. Thiiisdue mthe 
extincU^of sunBght^ widch depends cm dvs d|^SicaL, 
depth, partly offrset by scatferingk^ 



t ia, ttwinu the 

size, ilibattmiig by otwiMieiil 

ffll,wanl»thegroiffl Ib^hasbeeovedMby 
vatUms in the pc^od e^ the Mt. Ag^g ehj^tioit 
1963. First, a stratospheric tem^^ 
observed by absoiption of long wive radierionen^ 
by the eaidu At a later stage, af^r the formation of 
minute H^SO^ di^ by oxidation of sulphur and 
cranbination with water vapour, thoe was a net cool¬ 
ing near the Earth’s surface 1^ extinction of short 
wave solar radiation and fwward scattaing by HjSO^ 
droplets. 

It is now possible to simulate th^ effects by 
mathematical models of the atmosptere’s generri 
circulation. ModelsenableustoiTtndpossibteanswers 
to a wide variety of questions. What will happen, for 
instance, to clouds andevapcaation from oceans, if the 
lower atmosphere was cooled by a scales of volcanic 
options ? The general results, which are beginning 
to onerge, suggest the following sequence of events^ 

(i) Extinction of solar ladikion makes the tn^ 
sphere cooler. This leads to more cloudiness 
b^use of greater condensation of water vapour 
on condensation nuclei (ao^s) Clouds reflect 
sunli^t, and also emitjnj|g-wave radiaticm back 
to space. Thus, m increase in outgoing 
radiation. 

(ii) On die cxh^ hand, a decrease in solar radiation 
reaching die ground, coupled with tropospheric 
cooling, leads to a sharp decrease in evaporation 
and die water content of the troposphere. This 
tends to decrease cloud formation. 

(iii) Decrease in the flux of latent heat of evaporation 
tends to decrease the ntmh-south temperature 
contrast between the equator and the polar re¬ 
gions. 

These geophysical feed-backs suggest inter¬ 
esting possibilities cm which our understanding is still 
fragmentary. But, the indications are that the cooling 
at Ae surface will be greater ^Hiw latiturj^ and its 
magnitude coidd be around 0.?^. Will diis counter¬ 
act. pmdaUy. the greenhouse wanning by fossil 
fuels ? WhU impact will it luive on the summer 
ihcmsoon remits over htdia ? The answers to stach 
^lestkm «e not yet avaUii^le. 

Another impor^aspectls ralated^^ 
tKdoo between yblc^di^^ atmpqihericozOne, 







strato^diere by ^emical reicflohs. CHIdrihe com^ 
potmds. which me ftxmd in vt^paidc en^iib^ 
also telp to ^mroy ozone. IbiscOuldbeoftbeoidfF 
oiStoJpetem. Depletion of oz(me.iii^ichisatifoa|; 
abscHber of ultraviolet radiadon, eraild have advert 
idiyriological reactions on human li^ 

Monsoons and volcanic erupUobs 

Unforturiately, not much dma me avails 
on the size and distribution of aerosols over India. 
Systematic dma were collected fev a br^ pei^ 
during the International Monsoon Experim^ 
(MONEX) of 1979, but they do not relate to the post¬ 
eruption phaseof volcanic ermtion. But,diedustlQiid 
of toe atmosphme over India does p6se an hitereriing 
ixoblem. 

Theory suggests that the summer monsoon 
circulation is dominated by rising mcnion oym norto* 
east India and sinking, (X discer^g, mraion of rir 
over Rajastow and toe semi-arid regions of northwest 
India. M descent implies toe movemmit Of air from 
lower to higher pressure, it must ^t waimtdlbf 
abatic cmnpression. But, as toh.air overRa|iatolh^. 
not getting warmerovertoe years, toeramM;llB40^ 
mechanism to off-set the warming by co(^f^ ItbeOf 
retical computations suggest that, to maintaindSMh^ 
monsoon, toe required cooling rate should be ^iit 
per day. At one stage, it was conjectured that 
this rate of cooling in the lower tropo^herecouklbe 
provided by a heavy dust load overRajasto^. But, ^ 
we can see, heavy loads of dust followng a volcmiic 
eruixion provide a cooling of only 0.7^ nem toe 
ground. 'Hiis is not enough to balance warming by toe 
descent of air. What other mechanism coiddjMOvide 
toe additional cooling over Rajasthan? Weetonotyet 
have the full answer. 

I wish to toank Professors B. B. Baliga and 

M. K. Das Gi^to for asking me to pe^mre iWs Mticte. 
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majOT iMK^kr war, WoiU MataoRdo^Md Oinaaittiiioii. WCP- 
113. WMtyro Nft S9,1986, p.lS. 

'K. YilCondntyev, V(dcai)oesindQimtte,WoridMeteonlc)j|i- 
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RADIOLOGICAL PHYSICS* 

A.K.DE** 


1 am very happy to be associated with this inaugu¬ 
ral function when the first Post M. Sc. one year 
diploma course on Radiological Physics is being 
started by the Saha Institute of Nuclear Physics. 

One of the functions of the Atomic Energy 
Regulatory Board (AERB) is to review and promote 
training programmes in the country in radiation safety 
for the peaceful use of atomic energy in aiqilications 
such as the use isotopes and radiation in health and 
medicine. I feel, thmfore, particularly happy that 
AERB’s initial proposal to the Saha Institute of Nu¬ 
clear Physics about a year back and my discussion 
vwth Prof. M. K. Paul, Director, SINP in December 
last year has led to the start of the programme from this 
academic session. I am sure that this will fulfill a long 
fdt need for trained manpower in Radiological Phys¬ 
ics in the m^-eastem region where th^ is no other 
such course. I would like to thank Prof. Paul and his 
ooHea^^ for their endiusiasm and support in piloting 
theixogramme. Such a programme requires adequate 
facilities for field practices and I am glad to know that 
VEC, Calcutta and Cancer Goitre and Welfare Home, 
Thakurpukur have taken keen interest and are partici¬ 
pating in the programme. This will therefore be a 
uniq^ experiment of collaboration and coopoation 
betv^n these three institutions. On behalf of AERB 
I would like to thank the Director, Dr. Bikas Sinha, 
VEC and the Cancer Centre and Welfare Home, 
Thakurpukur Dr. Saroj Gupta for their interest and 
siqiport. 

I widi now to review the area in some detail. 
Ishall try to cover the background in which a diploma 
course in Radiological Physics was first started in 
BARC, Bombay, the current status and the future 
scope. I shall also deal with other related areas in 
medical physics in passing. Attheveryoutset,lwould 
like to fiiy that this touich of science has great scope 
in our country. 

* laiagwd ASdraii att the Ftaiwikii of the Pott M. Sc. I^dcina 
CMns a Uie SfiM fatthute of Nttclcir Ffqrnci oo 27th Septan- 
h^l98S 

♦* (lattfiiMB, Atomic Hnny Rutuhuoiy Bond 


Realising the importance of manpOw^train- 
ing for efieefive iqipliciuion of the various tedmiques 
now being developed, the Division of Radiological 
Protectiem, BARC has been organising a post-gradu¬ 
ate training course in hospitalphysics and radiological 
physics since 1961. Initidly the course was supported 
by the World Health Orgmiisation which partly 
funded the course. A few sets of text books were 
provided bjr it in addition to arranging emment profes¬ 
sors from advanced countries to visit India and deliver 
lectures on several important topics. Trainees from a 
few develt^ing countries also attended the course. 
The first batch of trainees came out in 1962. 

From 1974, the course was recognized by the 
University of Bombay. Initi^ly the course was de¬ 
signed on the basis of similar programmes conducted 
inUnivemitiesalmul The syllabus has been revised 
and updated over the years and has been examined 
cridcdly by specialists from WHO. 

From the early sixties, there was a growing 
need fcH* qualified physicists in radiotherapy depart¬ 
ments. This was mainly because (tf the introduction of 
teletherapy units into the country. Kfost of these were 
gifted by Atomic Energy Canada Limited, the pio¬ 
neers in the field, under the Colombo Plan. Tte 
diploma holders from D. R. P. got employed as medi¬ 
cal physicists. Currently o^ hund^ of diem are 
employed as physicists in ladiothenqiy department. 
By virtue of their expertise, these physrcists help the 
ra^oUierapists to Unsure accurate dosimetry in treat¬ 
ing cancer patients. Also many of them could partici¬ 
pate in evaluating; tiM petfbnniince of telethenqiy and 
brachytherapy e<)Uipment 

Ihiring the past few years the requirement of 
radiological safety officers became mandaiocy. 
Oovenunent of In^ has estaUished a teletherapy 
committee to mcamine Uie^oposals frv starting new 
teletherapy faciliti^ The ^st graduate diploma 
hedders ft^the U^venUy ^Bombay todc iqrdie 





f^urt dcauiad 

MiBdf^PIqfridiif )pa^^ tsemw ia a& Mpftp^ 

* nmtytIfQieWm Rtiltotha^ 

fliecoghtiy. TliewgKfliiiega»grogdyinadeq«fleio modfeofmatment 


treat i|» 300,000 new oncer patkois wtx> presem 
Oefliadives for la^otbenvy every year. 

Mbo of the tdeiherB|>y units in the coontry 
ate old; Safe use of these need the services of a 
cemsdendous band t^Iioiessionals including medi¬ 
cal physicists. b^tedf acute paucity (tf funds, old 
teletherapy units are bdng replaced by meue sojduai- 
cated teletherapy units and medical accelerators. 
Without employing qualified peisramel these pieces 
of equipment are m(»e dangerous. Remdeafterload- 
ing equipment for brachythoapy is likely to replace 
the conventional treatment in many centres. These 
equipment need m(»e qualified manpower including 
physicists fra treatment pluming and dose measure¬ 
ments. The regional distribution of facilities is also 
totally unsatisfactray. The facilities are likely to be 
augmented to ensure equitable distribution. 

Most of the medical colleges in India are not 
equipped with teletherapy equipment. Central Gov¬ 
ernment has plans to establish the facilities mrae 
extensively. A five fold increase in the numbra of 
telether^y facilities is required in the coming decade. 
One Unit fra just over a million population is expect 
to be reasonable. There will be a proportionate in¬ 
crease in brachythraapy facilities also. It is essential 
to train about a tiiousand physicists/RSO in the com¬ 
ing years. 

Urgent necessity of accurate treatment plan¬ 
ning and allied medical i^ysics services are being 
aiq)rectated by oncolo^sts. 

The life time cancer mprtality in India is 
about 7% now. A fourfold increase in Uiis number is 
expected by the turn of the centray when the average 
lifie expectancy iiKTeases. Tl» cancer detection rate 
alsoislikdy to show (kama^ improvement because 


There is a growing awareness among the 
cancraspecudists about theneedfraestabUsh^ 
therapy facilities where only bnchy&eiapy exiiU 
now. This is because both Cutties are ewential IQ 
offer cmative rather than the more ofien employed 
palliuivetreatmenttothethousandstffwofflenseff^- 
ing firan the cancer of die utraus uid cravix. 

The recommendatirais to estaUish sqMmde 
dqiartment of radiodia^osis and fadiraheoi^ is 
being accepted in all mstitotiohs. 

The requirement (ff medical physicistsillSO 
is being met mainly from two sources now. About 15 
post graduate diploma holders firom the University Of 
Bombay and six M.PhU. degree holders from die Anna 
University, Tamil Nadu come out evray year. This is 
obviously inadequate. Some of the diploma hddera 
frcMn the University of Bombay pin the industry 
because of better prospects. 

The post M.Sc. diploma course which willbe 
started shcxtly brae at the Saha Institute of Nuclear 
Physics, Calcutta is, expected to supplement man¬ 
power in the entire north-eastern region. 

Medical physics is an applied branch of 
physics in which techniques and (ninciples of fdiysics 
arcapplied in healing disease. The first unportanttod 
used in medical physics was the microscope. The 
discovery of X-rays and the isolatirai of radium are 
two important developments which gave tfemendous 
impetus to radiological physics. 

Measurementof radiation dose was probably 
the firstchallenge taken up by physkists. Techndogi- 
cal impro>«ments led to the manufacture of powerful 
X-ray machines with high energy. 

The first few decadesc^radiological {di^sics 
saw the applkaiion of radium in treating cancer. 


ikeades d experience accumulated systematically 
of sa?eening programmes fimded by government and wasappti^roformulatethefamousParker-Patime^ 
voluntary ageocies. Itisrea^bletoexpcctihat, roles of radium dosimetry. 









During 1930’s the duty of medical physicists 
in mmiy institutions used to be as Prof. Mayneord 
declared once save radium capsules from the 
tender mercies of incredibly muscular surgeons and in 
peacetime worry about how to measure Roentgen”. 

The advent of the Atomic Age brough in its 
wake, dozens of useful radioisotopes which found 
ready {g)plication in medicine. 

Imaging technology in diagnostic radiology 
and nuclear medicine threw open a wide variety of 
tools to the physicians. Advances in computer hard¬ 
ware and software inspite far reaching changes in the 
treatment and diagnosis of diseases. 

The progress in medical physics from mi¬ 
croscopy to magnetic resonance is yet to make its 
impact in India. 

Asin other developing countries in India also 
medical physics continues to be radiological i^ysics. 
As on Septemb^ we can see the status in this field as 
follows: 


Telethert^ycratres ... 96 

Telelhenqpy units ... 155 

Br»:hydierapy cwJties ... 60 

Remote afterloading ... 23 

Nuclear medicine centres ... ^86- 

Gamma camera ... 27 

No. of hospital physicists ... 149 

No. trained in DRP ... 105 

No. trained in Anna Univ. ... 15 

Others ... 29 


We have to go a long way. Medical physics 
is not radiological physics alone. We must develop 
other disciplines in medical physics which should 
include ultrasonography, electroencephalography, 
thermography, myography, cardiophysics and all 
other branches of physics in medicine. 

I am sure as this course progresses it will 
slowly bring also the other disciplines to make it up- 
to-date. I wish the course all'success. I have great 
pleasure in inaugurating the course. Q 





India Marches ahead in SSNTD Research 

The era of Solid State Nuclear Track Detec- 
tOTS (SSNTD) began in 1963 when Fleischer, Price 
and Walker developed chemical etching technique to 
reveal fission fragment tracks in minerals. During the 
last 25 years, SSNTD have'invaded the research 
laboratories all over the world. They find applications 
in such diverse fields as geochronology, nuclear 
physics, space science, nuclear medicine and biology, 
radiation dosimetry, reactor physics and exploration 
geophysics. 

SSNTD have a lot of potential for exploita¬ 
tion in Third World countries. Perhaps, this is the only 
technique which does not need any sophisticated 
equipment in a)me of its interdisciplinary applica¬ 
tions. An example from my personal experience will 
be useful to illustrate this point. 

SSNTD research was originally confined to 
TIFR, Bombay in the early sixties. At present, about 
a dozen active groups are engaged in SSNTD re¬ 
search. The first national level meet was held at 
BARC, Trombay in March, 1979, through the bold 
initiative of Dr. R. H. Iyer. Only ten invited papers 
were presented at this meeting. The greatest achieve¬ 
ment of this first national workshop was to identify the 
active SSNTD groups or individuals and to initiate a 
diabguc between them for a concerted effort. It was 
also decided that national level seminar cum work¬ 
shops will be held every two years to promote the 
culture of SSNTD in India. 

Fifth SSNTD national seminar was organi¬ 
sed in March, 1987 at Calculta. Itwasathreedaymeet 
where SSNTD wotkets from all over India partici¬ 
pated in its dcliberatitms. ItwasgratifyuigioncKethat 
seventy five abstract were comributed at this (infer¬ 
ence, cov^g almost fdl areas of SSNTD application, 
a sipectacular progress indeed in less than a decade, 
tlie Idgldight of Sth nmional s^mnar was Indian 
Coi»Q|e;lby Sxpei»n«tt.*'^Nin^ADHA'' Sbout 
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10 papers were caotributed ^ Professor 
his cc^woriren firm BOfl^ and PRL* 

dabad. However, iSio togest contifttiliop of; IS 
abstxactswas made by ; 

De vUniver^^iAimiCsar, It was decided to hold 
Sixth National Sonbiaf at Gaiduai in March, 19l^> , 
To review our progress at SSNTD Intema- 
tionalCcmferences, itilspeiiineqttoiemiukUi^Indirei 
participation begtm with the Tenth Intetns^on^ 
Conference held at Lyon in France in 1979, the ye^ . 
wehcldourfirstnationalworkshopatTinnnbay. Sadia 
contributedonlySpapcrsatthismeet Therehasbeen 
a steady growth of Indian Contribution and pait^:^’ 
tion at the successive Internationa SSNTD confer¬ 
ences. We contributed $ papers at 11th Interiuhional 
Conference held at Bristol (U. K.) in 198},an ^oal 
number at the 12th International Confeimice hdd at 

TABLE 1: What do they contribute to 14th InWnatlOila} 


Conference on SSNTD, Lahore (PaklsUi), 
April 2-6,1988 


SI. No. 

Country 

Nb.of Papen 

1. 

Algeria 

03 

2. 

Argentina 

01 

3. 

Auttralii 

02 

4. 

Bahrain 

Ot 

5. 

Bangladesh 

t 03 

6. 

China 

^ 12 

7. 

CoasuRict 

01 

8. 

Egypt 

02 

9. 

France 

10 

10. 

Gennany F. R. 

26 

n. 

Germany D. R. 

02 

12. 

Greece 

02 

13. 

Hungary 

04 

14. 

India 

44 

15. 

Iran 

06 

16. 

Ireland 

03 

17. 

Italy 

11 

18. 

Japan 

o7 

19. 

Libya 

01 

20. 

Malaysia 

01 

21. 

Mexico 

09 

12. 

Pakistan 

28 

23. 

Saudi Aralria 

03 

24. 

South Kona 

01 

25. 

Spain 

02 

26. 

Sweden 

01 

27. 

Thaaad 

01 . 

28. 

United Kingdom 

11 

29. 

U.S.A, 

06 

30. 

Yugotdavia 

w 
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Acapnioo (Mntj^ ii 1983^25 papos at the 13th 

Itaeniatkwal O oii^hpw ce hekl 

papen M the I4ii WtlfHbimiat^^ ConCBreoce 

heldatLahanlhiA^fefl49M* Tliittycoimliieipaitid- 

petedatthia fia a ftiitkwai iiipetan^alfl^ 

then ait It is evident from 

‘nUe 1 that the potemiat of SSNID technique has 
been tealiaed by dev^oping countries of and 
Africa Icis a matter ofpridediat India scoied the ttn> 
position at this Iniernatiotud ctmfemnce cm the baris 0 ^ 
the numbn of papers cmtributed. Again, die largest 
oontributkin was made by SSNTD group of Guru 
Nanak Dev University. Amritsar with nearly two 
dozen lesesch pq;)ers contribuied by 16 SSNTD 
woricers. Unfortunately, most of the Indian contribu* 
tors could not paiticiimte at this conference due to visa 
restrictions. 

Some of the interesting features of the 14th 
Intenuuional SSNTD Conference held at Lahore are 


TABLE 2: IVcBdt In Intcrmtlonnl SSNTD Conferaoce 


SINa 

Theme 

Na of Papen 

1. 

Methodology 

56 

1 

Ekctro-chemical Etching 

16 

3. 

Tndc Annealing 

16 

4. 

Mkavy kn Reactions 

3S 

y 

Nentran Doatmetiy 

20 

6. 

Radon Smdiei 

34 

7. 

Geologiad Dating 

14 

s. 

Divene Ap^cations 

JLL 

Total 211 


dqricted in Table 2. It is evident that the most 
fundamental question in SSNTD-the nature of latent 
damage track-still defies solution. The popularity df 
CR-39 {da^ detectcx' with SSNTD wrvkers is ever 
on die increase though better varieties have also ap- 
pemed in the market with prohibitive c(»t. Radon 
studies mid Heavy Ion intemnions are the other two 
areas mott popular wkh SSNTD workers all over dw 
wodd. Anomdon mqiNiment results presented by 
Martnirg group (W. Germany) was another highlight 
at thia Intenudional conference. The 15th 
intediatioiial Conference will be hosted by Marburg 
Uhiv«8ityinl990, □ 

H,S:Vtrk 
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lOL to set up liquid hydrogen pfamt 

In collab(H«km with Airliquide of Fiance, 
dieCalcottabaaedInteOxs^l4d,0(X)pfQposes 
to set up a R$. IS-crore project to produce bquid 
hydrogen to meet the rising needs of Indian Space 
Research Organisation (ISRO). The project iruuks 
lOL’s entry into space-research related sector widi 
long-tom aims in view. 

Disclosing this to newsmen here, die lOL 
Managing Directtv, S. B. Budhiiaja, said the project 
might be located near Sriharikota in Andhra Pradesh 
ox somewhere in Tamil Nadu. The cmnpany has 
already received a letter of intent fron the Unkm 
Govemmoit and the project is slated to start commo- 
cial operation in 1990-91 according to lOL's tentative 
{uojecdons. 

The new project will have a production of 
700 gm a day of which the ISRO’s daily oHtake will 
be about SOO gm. The commerical market fw lujuid 
hydrogen is limited in the domestic sector but demand 
is expected to grow when the optic fibre industry 
expands its capacity. Q 

The Hindu 


Pests threat nantatiou of trees 

As apart of a huge agroforestry programme, 
several milUons of leucaena trees are now growing in 
India. Butitsplantation is threatened by apestthathas 
reached India from Sri Lanka. Scientists moniutong 
the spread of toe pest reported toat it is widely 
spreading through Tamil Nadu. 

Scientists of Cmnmonwealth Agricul¬ 
tural Bureau Intematumal Institute of Btolofical 
Control while monitoring toe qnead of toe pest since 
it ippeued outside its dwelling place to HawaU to 
1984 revealed thattoepest which is native to Ceniml 
America posesatoreatto India. Scientists mofutoring 
toe progress of Heteropsylk cutma Hao coofitmed 
tott toe pejri to spreading through Ttmil Nadu. 

It to frtrtocr apprehended toat the spread of 
the pesttoay be wide to toe near future enectohy by 
toe toflueik» of thto ytok's moiistxn helm 
toitpestt to.bidia. Thtoiitocbreajspeitod^^^ 



seeds have 10 ho«W&tfv^arL " . ,_. - 

wM^r ctwendwiittiilayertifsfiveTtopcevehtdei^^ 

SoVw^aepatreesdaeaim]^^ : Q 

^ To^uba iteclaik^ Vilas foan^ 
f. C. BhatUKharyya possiMe creation df a miaiiohietre<<^ 

layer saodv^h in v^ik;h the centre liQnsr is4tt hua^ 
lor, suitoimded by supercoodnctive oour ta^iefi. 


National Symposiota (n Plant Science Research: 
Present Status and Future Challei^es 

The dq)artnirat of Botany, Punjabi Unim- 
sity, Patiala is cnrganising a three-day naticmal sympo¬ 
sium m the university Canqnis £nm August 28-30, 
1989. The deliberations will potaintotiw following 
major themes: 

(1) Plants and Environment; Pollution and Ctmser- 
vation of germ-jriasm. 

(2) Taxonomy, phylc^ny and Bio-systematics. 

0) Genetic variability, manipulations and Bio- 

techndogy. ^ 

(4) Plant mmphology. Functions and Tisaie-cul- 
ture. 

Persons desirous of participating in the sym¬ 
posium should contact the convenor. Prof. M. L. 
Trivedi, Head, Department of Botany, Punjabi Uni¬ 
versity, Patiala 147 002, before December 15,1988. 
The following schedule will be observed; 

1. LastdatefmreceiptofAbstracts:December31, 

1988 (in duplicate and not exceeding 200 
wmds). 

2. Last date for receipted full papers: January 31, 

1989 (in duplicate). 

All the participants will be required to pay a 
registration fee of Rs. ISO/- (Rupees One hundred!^ 
fifty). D 


Faster, powerftil superconductive devices 
ToshibaCorporatimi j^deveUv^^^* 


Together they create atunnel junction efE^ inndtich 
dectrtms are ftee to flow, virt^y widiomhDSistanee. 
The pn^jetty cd'the materials is stidi ttat diwi flovr of 
electrons is gmduaUy shm off when corient is apfdiod 
below a set level mid sudd^y resumes, whmi the' 
current is increased above a set levd, enaUing use ttf 
the compound as an off-mi switch. 

The silver lay«r was also found to htitid 
superccmductive properties wlmn used in tha com- 
pound at minus 193T. 

Superccmductois typically operate at fx* 
tremely low temperrtures in whfofa the properties of 
materials are altered to offer no electrical reristaoce. 
The ability to manipulate die qieed of dectron move* 
ment predictSUy is the heart of semicmiducior tech¬ 
nology. Mater^ls vridi supocqruhictive pKipesties, 
such as yttrium, nyobium or gaUitbn, are unti^de, 
however deteriorating when mtposed to the air. Q 

AsahiNemSirvicf 


Efficient overall use oiergy 

In Japan, not only industry but also small 
businesses and ordinary citizens are beconuns 
increasingly interested in raising tfie effideacy trf 
energy utilisation. 

In the case of large-scde power gimennlon 
‘^by powm companies, as much as 60% of energy upit 
is dissipated in the form of warte heat Energy loss 
also occurs during powrt'trmismisskm. Whati^this 
means is that currrot power genmmkm methods are 

not very efficient Piecioos energy resmiroes 


andfflonpovrocNthan thesilio^ 
logicCl^.opwin use. 

A to^ilta sptAesman said that the fiom loanions to ftom the 
had ^vod tgkhi natura* 
teichimiogy.devdcqied.ayttoiig^ 


of confon0o% 





Instead of relyfaig oa nuunmoth electric- 
pcwer slidkms, it is inare effective if power plam^ 
di^)ersedL Hiecogweradonsysteingenerateselec- 
trid^ a gas or diesal engine ffitd uses waste heat 

, for q»ce heating or ^viding hot water. Thus, the 
cogeneration is able to mdce effective use of ai^roxi- 
mately 80% of the «iergy of fuel put into power gen¬ 
eration. 

Omsuroers of large amountsof both electric¬ 
ity and heat can better s^reciate the merits of cogen¬ 
eration. It appears that many hotels, hospitals and 
swimming pools, which require large amounts of 
thermal energy, have adq)ted cogei^ration systems. 

Cooling accounts f(v half of the annual ther¬ 
mal needs of hospitals, followed by the supply of hot 
running water and sp^ heating. In hotels, thermal 
needs for hot running water are the greatest, followed 
by heating and cooking. The current trend among 
ho^itals and hotels is to determine the optimum 
en«gy utilisation system by taking into consideration 
the particular characteristics of their heating needs. 

While gas companies are promoting cogen¬ 
eration, electric powa companies are putting stress on 
an emgy saving system that uses “clean and safe 
electricity”. Power companies recommend that big 
establishments like office buildings use accumulator- 
heat pumps and that individual homes use elecU'ic 
water heat^ to boil water with low cost midnight 
electricity. 

One model house “Eletopia”, has a living 
room with floor heating, double-paned solar win¬ 
dows. anursery where plugs can be moved at will, and 
akitchen where suspended shelves can be electrically 
raised and lowered. It even features a gadget called a 
“cockroach shocks to electrocute cockroaches with 
two lune-volt battoies. 

It is also equqjped with a system to recycle 
athaostheat fiom a refiiigerator orav-cooditioner and 
whste heal from heating bad) water and use it as a 
tOBiceofheatm Ripply hot running water. Such in¬ 
novate kl^ allowing c^Tidwt ovt^-aU use of en¬ 
ergy tiiro)^ tiie use of waste heat from cooling and 
heeriag^ie found thrpughouithe home. 

Jhe Tokyo Eteenac Power Ccmipany is 
^effoi^iitfotiiedewelopmenti^“fi^ cells” which 
lepitse^tbefotiinofcQgenerati^ Unl^acogen- 
endl^ftyeiemthfltaseigasorpeiraieti^ 

32 » 


ogy invioved in the AmI cell is the generiutcm pt 
electricity by reversing the electrotyrisi»ocess. Itlias 
been dubbed the “fourth** energy source, after hydro^ 
thermal and nucteu systems. electrical poiirer 
and gas companies are making every effort to 

commercialise fuel cell technology. EH 

• 

Tokyo News letter 


Indian National Science Academy 

The Indian National Science Academy in¬ 
vites applications from Scientists for partial financial 
assistance to participate in important Scientific Inter¬ 
national Conferences abroad during the year 1989-90. 
Scientists interested to avail of financial support from 
the Academy for participation in International Con¬ 
ferences to ^ held during the year 1989-90 are re¬ 
quested to apply in the prescribed proforma. The 
proforma is available from the Office of the Executive 
Secretary, Indian National Science Academy, Ba¬ 
hadur Shah Zafar Marg, New Delhi-110 002. 

The Scheme is operated under three different 
categories viz. : (1) For International Conferences 
sponsored by the International Council of Scientific 
Unions (ICSU) and its affiliated bodies (ICSU Om- 
ferences); (2) For International Conferences spon¬ 
sored by other agencies (Non-ICSU Confoences); 
(3) For applicants who are interested in partial travel 
assistance only, for participation in any International 
Conferences abroad. The applicantsmustbe below 35 
years of age. This is categcxised as INSA-COSTED 
Travel Grant 

Category J ; Scientist who has been 
invited to deliva a plenary lectureAuuside over a 
session of a scientific! ccmferences or whose p^ier has 
bera acc^ed for pmsehtation. and who will also be 
provided maintenance allowance during hi^er stay 
qbroad and partial travel expenses by some agency, 
willbegivtuiprefetenceoverothors. INSA'ifbiancial 
siqiport, in case of selection is limited to a nuudlmtun 
of 50% tapational travel, 50% maip^^ 
ancefwtiwtfomti^oif^eQQlSrie^ 
foe,wheievttnecess^. 
ftum (hdyobmirfetedshoiUdbndMpdtP^ 



JaAnaay yeair for eoo^deiblli^ . by a 
Coih^iUtee of tile 

' , ^ C(Ue^^2. : S^tist 

' invited to ’deHver n ylarary tectttlt^ireade over a 
sesaioii v whose has been accepted fw pre- 
sentaticm and who will also be provided maintenance 
allowance during his/her stay at^oadand partial travel 
Qcpenses by some agency, will be given preference 
ov^ others. INSA*s Hnancial support in case of 
selection is limited to a maximum of S.OOOA only. 

Applications f^ this categcay should be received in 
the Academy for consideration three memths prior to 
the date of commencement of the Conference. 

Category 3.: Under this category the 
scientist who is interested to avail partial travel assis¬ 
tance only, for participfUion in any International 
Conference and is also below 35 years of age may send 
hisdier formal request on a presoibed application 
form atleast three months prior to the date of com¬ 
mencement of the Confeitnqp. The ai^licwt should 
fiiinil the foltowing eligibility criteria before sending 
his/her application: 

(a) Hi^r age should be below 35 years on the 
dale of commencem^t of the Conference. 

(b) He/she should hold a Doctorate degree. 

(c) Hisidier p^)er should have been accepted for 
presentation. 

(d) His/her local ho^itality and partial travel ex¬ 
penses has to be borne by the organisers or 
some other agency. 

Candidates selected will be supported par¬ 
tially f(v their travel cost, jointly by INSA and 
COSTED (Committee on Science & Techndogy in 
Develqring Countries ). The ai^lications will be 
screwed wco a quarter during the year. 


Pood fi'Oin Ornanjieiitni Weed 

Amatantin. usually considered weeds qr 
OfSamentitis in Oie western world, ate now being 
developed for use k new food products by botanic 
and nutritional estperts HeUew iMveisity^s 
PacuUy of 


Naomi Tiostler, of the UOivetsity's School 
of Nuttitioiml and Doromnk: Sciences, jpeefadiaes in 
the development of ttigh-protein foo^ and wppli^ 
ments for persons on spe^ diets. Indie jnst^ Siie 
pioneered the devdoixmerti of cotton-seed fhnv for 
use in a line of such prxxlucts, M p^eseM, Mie ^ 
working on the sintilar collaboration 
of the Dq^artment of Agricultural Btxtmyv 

Amaranth seeds tesmnble tiny qdwits apd 
are about the size of mustard seeds. Ibepbatiaam 
1.2-2.4 m, with a bushy seed head. Some species 
possess showy flowers (Gock*sKX)mb) and meckti- 
vated ontam^tally, while others ate nonm^ weeds, 
sun a few q)ecies have been used as food jdaow ^ 
Central America for thousands of years and are today 
raised in remote comms of Afiricaand Ada. Ibese sre 
the species dtracting the attention of Tio^ ind 
Kigel. 

Amarantii grain has the merit (^cokahMtV 
protein (tf a hi^ biological value, beir^lowhi fiKqid 
without lactose, which certain peq>te emmot digett. 
Devoid of gluten, amaranth flour can brdkestad 1^ 
celiac patioits allergic to this'coj^pooeiit (tf wheat 
flour. Makourishedltmg-teroiehronkudlyi&patiCM 
and elderiy invalids, who have diflicully m consqai- 
ing the amounts of food needtti for proper imtrition. 
will find U a boon. Tbe whole grain is rkhkdietaiy 
fit»e and the pUint yields heavily even k loW'^ainkll 
belts. 

The two researchers have already success¬ 
fully grown an experimental plot (tf anuuanth khk, 
carried out studies on animalsof the grain's nutritional 
qualities, tdentified certain digestive kh^kry 
factms and found how to elunkme tiiein ande]i|ieri- 
mentaUy prqutred and tested several food pniidi^ 

BrefritiuutheymadewithrmepBrtcfamar- 
nath flottf and three of wheat flour wasknown lo be 
tastier dian ordiruuy koad and ittuch more nutritiQidt 
as the akatantii flour coruiuhs lyske, aa eweikal 
amino-ackabsentflYffi admfkwri Tliqrhavei^ 

prqated a tasty porridge flom it mid noted 
giak cmi be served like riceand popped fpf a gramma 
mixture.'^ '"' i*;© ■ 

ifehrew l/itivcFstiy News 

■ I « ■ » ' n ■ 
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Roaring to repfodoce 


Ktoie bito S(mg (luring tlie breeding season is 
tnown to affect male>inale competition as well as 
mate sdtoction and ovulation in females. Though 
some ntale mammals also call loudly and fretpiently 
during the biee(fing season, until now tfiese calls were 
known to affect (xilyxompetition between males. But 
in a lecem study of farm^ red deer (Cervus elaphus) 
inNew2Sealand, ICarto McComb of the Large Animal 
Research Group of Cambridge, UK, demonstrated 
that rcMuing by red-deo- stags advances the date of 
ovulation in hinds. McComb ccnnpaied ovulation 
(btes in three experimental grouj^ of females~-one 
feat teaid t^ recordings of male roaring, one ex¬ 
posed to vasectomised males (which, alfeough infer¬ 
tile, exhibit mumal rutting behaviour) and (Xie ccm- 
troL The groups exposed to tape recordings and 
vasectomised m^es both came into estnis earlier than 
fed controls. Speculating why females would have 
been selected to respond to male roars, McComb 
stated feat the behaviour could have evolv(rd to pre¬ 
vent females, which come into estius fcxr ler,s than 24 
hr, from ovulating when no rutting males were 
around. “The experiment procides the first evidence 
that matevocalisaiion can affect the timing of 
ovularion in female mammals.** Q 

Bioscience 


Fosfete of giant **toothed** seabird unearthed 

Fossils of the largest known flying seabird 
have been described by scientists at the CharlesUm 
Museum in South Carolina and the Smithscmian 
Institution’s Museum of Natural Hisuny in Washing¬ 
ton. IlC. Discovered in a block of tuudmed sand and 
felt excavMed in Soufe Carolina in 1984, fee recently 
analyst fessjto reveal thfe fee bird, ik)w extinct, 
wetghedfeK)ot90feandhifeawingq?anof overlSft 
The largest living Seabird, the wandering albatross, 
wetghsSOtbandhasawini^^Qflift Theextinct 
^*a wing stnmtue shows that h had a life-style 
sim^ to feat the albatross. White both species’ 
shoife^ would allow them to raise tmd low^ their 
wte^^ptouharshMMer sttocfeuealM ttotri^ fee 
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rotational movetnent necessary fef flapping. When 
albatrosses forage, feay use oceanic winds to soar 
greatdistanceswifeBtdearnoflappihg. Therecently 
discov»ed bird was a member of an exdnct fendly, 
I»eudodontrons. known as bcmy-toofeed birds b^ 
cause they had long tooth-like structures prot^uUng 
from their upp& and lower jaws; the ‘*psaido-teefe** 
were not real teeth, because they were made entirely 
of bone rdfeer than containing some dentine and 
enamel. Alfeoughscientistsdonotknowwhypseudo- 
dontorns became extinct, (me hypothesis is that, as 
they relied so heavily in oceanic winds, fee birds could 
no longer survive when ocean currents and wind 
patterns changed. Q 

Bioscieiice 


Methane Build-up 

Much more methane than expected is reach¬ 
ing fee atmosphere from “fossil** sources, such as coal 
mmes and natural gas than previously thought The 
amount of methane in fee atmosphere is increasing at 
a rate of 0.8% a year and its concentration from 6!^ 
ppb 200 )«ars ago to nearly i^b today. 

Swamps produce methane naturally, as do 
paddy Helds, which are, in effect, artificial swamps. 
Farm animals also i»t)duce methane. Some methane 
also escapes fixxn coal mines and some is released as 
“natural gas” from oil and gas Helds that are exploited 
commercially. Esttmatesofhow much of this fossil 
methane gets into fee air have been vague—imtilnow. 

David Lowe and colleague at the Intitule oi 
Nuclear Science Low^ Hutt, New Zealand, have 
studied fee composidon of atmospheric methane. 
They measured the amount of ^ feegas contains, fee 
half-life of radioactive cartion being S,73H years. 
Methane frran coal and^ Helds contains none of this 
isotope. Tlfepn)p6rti(mof*^, c(Mnpm^ 
isotopes of cffibon in the mefeanesamides, suggests 
feat 32% of the methane n()w leachii^ llto atmcu^^ 
comes Horn fo^ sources. ThisisabfejtHMt tineas 
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THE HUMANIZING OF NATURE 

SANAT K. MA7UMDER* 


Long Nfo tt ei y wiitd knoi»ltto.«pptmd on tili« aegat, tHumm caltum aottd n g a M—<■ itonujAt, 
folkbxMandtndiilanalvaliiM. Ibbbpvtkolarljrtvidtntlamia'tfclationdiipwiftiiidaioinii 
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KNimantal latnaa and dia conaonratkm raovamaaL 

C ONTRARY to popular beM/mydi and folklore 
are ncM limited to the pimitive human culture. 
The produedve chaos oi trid and error in which our 
anceston found themselves, continues to exist today 
and erode modem ‘^myths'*--as colourful, emmover- 
sial and inevhdde as ever 11 diall attempt to illustrate 
my point fnxn the studies (rf hunum inmaction with 
Natm and the environment 

At the outset, I should assure the readers that 
mydi is not necessarily an evidence of ignorwee. 
Instead, itrdlects our imaginative effort to size 19 
reality in human tenns. For instance, long before 
organized botanical knowledge appeared, our 
soQk>-religk)i»bitodomiiudeddiepereq?tk»of 
lito,Expre 8 sioos 8 uchas*>lfiis”ofvictbry,**lify*’of 
pur^, **willow/' gnoe, aM**oliye” branch of peace 
entered w vdcabnlary.^'^SNtoHy^ ignoriiit of the 
existence of ootton^wiring pd^, Enropeans 
visualized a **vegetable tamb*’ of the Bast 
(wrtoUMafiagplanOI . 

Oii^anting in Ghiiin tod spntoiiig Into 
Europe diroiigk toe bfiddb . Ages, Tkg Dpchim ci 
dfgMttire iBtondiltottotoltodtodB.<^^ 

ptftt)wattgtotototoBi^dad;itol9^^^ 

^ Vt)Ld4,NO;iP ' ;■/, / !■ 


GodH Acase in point istheherb.MantotoeCMghf-' 
shads family <x solanaceae) toe roots of whito 
resonble human limbs. ^K/bitetobl^totdaiyplaotdld 
yield pecious pain-killing drugs, not all Divine 
"Sigan/urr” withstood sdemific acntoiy. And yet, 
the hoinan probe of the unknown dways embraced at 
the starting point hdf-tmths and hannleis 
inaccuracies. 

Different socio-politkd urgencies tost eaiiC 
in human culture fuel many such myths even todto* 
Examples can be found in the sweeping ihekRic 
deding with, for instance, ‘*envirottinentd more- 
ment**. “pt^atkm bomb** and **con 8 ervatiaa''. Let 
us, for clarity, expand on the last 

The ciarent globd view of enviro nmen td 
crisis is hot a pretty one. Hie cumiiliiire faumdi 
impKXonomnatordiesouroea(waato,M">^M^ 

top aoil, forest, as well as me tpeciei of plants and 
aniins]a.oic.)iseoonnoiis. lVue,envirar»ietoldpiQii- 
iemsarenotnew historicdly tndersof ancisml^n^ 
Bab^^. Assyrb and China had no livab In toto 

1 . / _ ' 

•BMogy DqpKtBMuL WstoWd tod* CoilSi^ WastoiA 
SlHtotorndmOIOBA U 9 A. 



exploitation of land and forest Even Plato in his 
Cridas spoke of deforestation and over-grazing as 
causes of soil erosion. Needless to say, the machines 
of destruction today are more powerful than ever. 

It is obvious that in order to protect our 
investment in Nature, we must conserve our natural 
resources. Is conservation the same as preservation of 
everything under die sun ? It is doubtful. We do not 
conserve magnificent redwood trees for the sake of 
these trees; we save them in the unabashed selfish 
interest of human beings and their posterity. In the 
amoral and apparently wanton Nature, the rhinos and 
the Royal Bengal tigers, the bald eagles and the 
whooping cranes, become manifest only as human 
essence envelopes them with meaning\ 

This brings me to what I consider the most 
intriguing of all myths about the human role in the 
ecologically-impacted non-human world: that man 
should be viewed as a “planetary disease”, an “epi¬ 
demic”; that he is “necrotic pathological tissues 


Letters 
to the editor 

Effect of ambient temperature and detension 
period on the yield of biogas fi'om 
water-hyacinth 

Because of the world-wide energy crisis due 
to ever-increasing prices of crude oil, the unconven¬ 
tional energy resources are being fast mobilized. One 
of the important unconventional energy resources for 
India is biogas. The country has a large potential of 
biogas energy which can be obtained from animal 
dung and biomass such as crop waste, algae planta¬ 
tion, etc^ Biogas is obtained by anaoobic fermenta¬ 
tion of biomass in a suitable digester. Currently, two 


walking around ixetending to be man”*! Counterpro¬ 
ductive in its missionary zeal, this chastiung sanction 
leaves us with little choice: either self-righteousness 
or anadmission of ourcultural inferiority. Itisa“love- 
it-OT-leave-it" slogan which the conservation move¬ 
ment must shun. * 

In conclusitHi, then, it can be said that myths 
are necessary products of the confluence between 
human cultural bias and the uncharted Nature. It is like 
being engaged in “collective bargaining” with acapri- 
cious Mother Nature in the interest of meaningful 
human progress. 
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types of anaerobic digester are generally being used 
for the producUtMi of biogas. The first is known 
as KVIC (Biogas plant of Khadi and Village Industries 
Commission) with a moving mild-steel gas-holda. 
The second type is the Janta Biogas Digester which is 
a modified version of Chinese Biogas Digester. This 
model has a fixed dome for holding biogas. Out (tf 
these two models, the later one is likely to be more 
popular in course of time due to less recurring ex¬ 
penses involved in it besides marginally low cost at tl^ 
time of installation^. The investigators have further 
modified the Chinese biogas plant by improving the 
flow conditions of water-hyacinth slurry and by 
changing Uie geometry of inlet. An attempt has been 
made to study the effect of ambient temperature with 
changing detention period on die yield of biogas under 
{TOSSure varying from SO to 700 cm of water column. 

A biogas digester of 0.70 m’ captcity was 
fabricated to conduct studies under field conditions. 
The model consisted of three good-conditiiHied 
mobil-oil drums welded to form a vertical type 
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Chinese digests. The digester was provided with a 
baffle wall across the diameter to improve the flow of 
water-hyacinth slurry through it The top of the 
digester was closed by a welded lid. On this lid, the 
outlet of gas. the device for measuring pressure, etc. 
w^ suitably welded. 

The digester was fed with water-hyacinth 
slurry and ana^bic methane-producing bacteria and 
kept for 30 days for initial fomentation. During this 
period, no ob^rvations were taken. Subsequently the 
digester was fed with 4.S kg of raw water-hyacinth 
slurry mixed with equal quantity of water. A certain 
level of slurry was always maintained at the time of 
feeding the digester. The gas emptcd twice a day, i.e. 
at 8.00 AM and 6.00 PM daily. The yield of gas was 
measured by the wet-type gas flowmeter supplied by 
M/S. Toshniwal. The temperature of the digester was 
measured at the bottom of the digester. The observa¬ 
tions of the yield for one set were taken for 4 weeks. 

The detention period of slurry was changed 
by changing the quantity of feed to the dige.ster. When 
the feed was changed, observations were discontinued 
for about two weeks and subsequently observations 
were resumed in manner described above. The input 
feed was changed from 4.5 to 7 kg raw water-hyacinth 
slurry. The ambient temperature changed from 33T 
to 25T during the period under observations. 

The regression analysis of yieW kg of raw 
water-hyacinth and temperature was carried out in 
computer and best fit was selected out of exponential 
and polynomial functions. Out of all, the exponentitd 
function seemed to give a4)etter fit cun’e to the 
observed data. The expcm^tial relation found out 
could be mathematically represented as: 

Y^ac**-* 

Where Y *< Yield of biogas per kg of raw water- 
hyacinth 

XB Ambient temperature in degrees cen- 
trigrade, 

a & b are the regression constant. 

The relationship between temperature and yi^ld per 
Kilogram of raw water-hyadnth slurry is shown in 
Fig.l. Thevalittsofcon$taota,b,temp^tuteandthe 
cmetqronding erqronratial relttkm for diffnent doses 
oi feed aie shown in Tablet. 
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TABLE 1: EqHMiMtlai rcl«tioMhi|> btfwtoi ftMl rttc 
tciii|Mratiirf 


Feed 

(kg) 

a 

b 

Temp. iwge'C 

4.5 

0.1321 

ai865 

31-33 

5.0 

11.8120 

0.0412 

28-31 

6.0 

0.1060 

0.2200 

30 - 27.3 

7.0 

4.3100 

0.0660 

25-30 


Avenge valuei of ■ = 4.087 indbs 0.1234 

Y = 0.1326'“***" CTempenture nnge 31 - 

Y=11.8le'““’‘ (Tempcniurennge28-31"C). 

Y = 0.1060e*^" frcitvennireniige30-27.5'»C), 

Y = 4.316®“’' (Tempenture nnge 25 - 30“C). 

From Table 1, it is seen that the legressum 
coefficients a and b vary with input dose of feed and 
ambient temperature. The changes in value of the 
coefficients may be attributed to changing volume of 
gas produced and different doses of feed and 
temperature. From Fig. 1, it can also be inferred that 



TEMPERATURE,*0 


Hg. 1. Temperatuie vi yidd of gaiAg at water-hytciiuh 

the fitness of the curve is fairly good and, therefrae, 
exponoitial relation between temperatuie and gas 
yieldisfair. From the Tablet, it can be inferred that: 

(a) At each input dose, the yield of biog^ 
increases as temperatuie increases. 

(b) As the input dose was increased, the 
corre^ionding detentiem period decreased and as a 
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result oi which yield of biogas po' kilogram of raw 
water-hyacinth also decreased. 

In (Hder to furth^ analyse the reailts for a 
constant detention period, it is assumed that yield of 
biogas increases linearly with increased in detention 
time. The biogas yield for different iiq)ut feed was 
Mtrapolated linearly for detention time of 29 days 
which corresponds to feed rate of 7 kg of raw water- 
hyacinth. The extrapolated values of yield of biogas 
were calculated both for observed and theoretical 
relationship. Ftran these, it was found tfutt the rate of 
change of biogas yield/°C unit change in feed rate 
were 0.18 and 0.22 for observed values and theoretical 
relation respectively. From this, it can be further 
concluded that ambient temperature and yield of 
btogas can be approximately rein^nted by 
exponential relationship. 

From this study, it can be stated that biogas 
yield and tempoature can be approximately rq^e- 
senied by exponential relationship. Itisfuithqn^ 
that Uogas yield decrease in detentirai time. 
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Occurrence of the exotic Lantana lace bug 
TeldoimUa scrupulosa Stal. 
in the Anaimalai hill^ Western ghats 

Anaimahu hills (Western ghats) of Coimba¬ 
tore diMrict, Tamil Nadu, where the weed Lantana is 
a nmiance. ovemmniRg range lands and plamations, 
was explored for the natural parasites of Lantana. 
Obs«rvationswereniadealoogaSOkmtract(aU.28(l- 
1440 mean M. S. L.) along AHyar Dam to Valparai 


and Attakatti to KiKlampatai roads over a peifbttlll^ 
months beginning June. 1987. In the course of eiralu-'' 
ation of various pests, the lomnna lace bug Teleone- 
mia scrupulosa Stal. (Hemiptera : Tingidae) was 
found to be widespread on the host Lantana camara 
var. acukata in the study area. • 

The tingids were limited to the growing ten¬ 
der regions (xily and as the shoots grew, the bugs also 
tendedto ascend the stems. They feed on dw younger 
leaves, tender shoots, inflorescoice and firuits. The 
bag is mainly found on the underside of the tender 
leaves over the veins. The initial effect of its feeding 
on Lantana was the yellowish or brownish 
discolouration and stunted growth in the shoot qiex. 
This was followed by curling up, blighting and felling 
ofleaves resulting in a burnt ai^peaiance. Apart from 
the feaves which were mostly fed upon, the flowm 
and fruits dropped prematurely and the maturity of the 
fruits delayed. Finally, the upper shoots died and with 
theraisetof rain, newer leaves onerged from the lower 
parts which again were attacked. Thus, the vigor (tf 
Lantana bushes was suppressed and the reproductive 
potency severely impe^. The bugs were limited to 
Lantana and were not found to feed on any other 
alternative host in the study area especially other 
verbenacious members like teak. 

The tingid T. scrupulosa q)pears to be more 
tolerant to extreme climate as evidenced by its pres¬ 
ence throughout the study area ranging from 2^ to 
1440meters ofelevation tom the mean sea level. The 
incidoice of bush attack over various altitudes indi¬ 
cated that they are well a((ppted to higher tempenttures 
prevalent at lower altitudes. Howevo in tte cooler 
places at higher altitudes, they preferably infested 
Lantana bushes growing in the (qren sun. 

The history of T. scrupulosa in India couldbe 
traced to its import tom Australia in 1941 for cage 
tests at Dehra Dun to assess its value against Loii/aaa. 
Though found useful, they w^ subsequoitly de¬ 
stroyed for their potential threat to teak plants, eqre- 
cially their flowers^. Some tingids, i»obably got 
escap^fWere qx)tted in Lantana bushes around 
DehraDunaftN’adecadel Subsequaitly.dwywere 
recorded in the sub Himalayan tracts of North lBdia\ 
Later, during 1969-70, miciordease of the toigid was 
made in Hyderd»d by dre nant notecdon lYaining 
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Institute, tfotgotestaMishedin die neighbouring state 
of Karnataka*. The jnesent investigation records tte 
tin^ds in the Anainialai hills over varying altitudes. 

Hie authcus thank Mr. K. Gunasekaran, Re¬ 
search Scholar, Department of Entomology, 
Tamilnadu Agricultural University, Coimbatore fw 
his help in die idendflcation of the insect 
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Cytoiogical studies of Manisuris myuros Linn, of 
the tribe Andropogoneae 

Monisms myuros Linn, belonging to the 

sub-tribe Rottboellinae of die tribe Andropogoneae is 
a creeping grass with culms reaching a height of 6" to 
2 ft Bor' describes S species from India. Cytoiogical 
information on this genus has considerable phyloge¬ 
netic significance. Many authors^, have stated that the 
sub-tribe Rottboellinae and the related tribe Maydeae 
have originated from a common ancestor. In some 
respects the floral morphology^ of the tribe Maydeae 
is similar to the Rottboellinae and Anderson* 
suggested that Tripsacum laxum (Maydeae) is an 
allopolyploid with Manisuris cylindrica as (me of its 
parents. Chandravandana and Galinant^ also suggest 
that Manisuris is a connecting link between the 
Rottboellinae and the Maydeae. Celarier* considers 
the maydeae is probably derived from the Rottboelli- 
nae on cytoiogical evidence. 

The plants for die present study were col¬ 
lected in the wild from Marutvamala in Kanyakumari 
District Root tips w^ fixed in 3:1 alcohol acetic acid 
and squashed in 1% acetocarmine. Somatic studies 



Fig. I. RoottipcdlofMMtfKrtf ffiyvof (2nsl6) (xl^) 

showed sixteen chn»nos(Hnes which range in length 
from 4.0 to 7.5 pm (Fig.l). Seven pairs aie median 
(m-type) and one pair is sub-median (sm^pe). Tbe 
Karyotype is less specialised betonging to the cate¬ 
gory 1 A. One pair possess satellite in dte sh(xt drm. 

It is wcnthy of mention here that die members 
of the sub-tribe Rottboellinae and the tribe Maydeae 
are unique in possessing comparadvdy large chromo- 
scrnies (3-8 pm) with less specialized karyotypes. In 
contrast grasses in genoal have ve^ small chromo¬ 
somes (1-2 pm in length). In floral morphology also, 
these two tribes resemble in some respects. Tto«foie 
the present study of the chromosome size and 
morphology of Manisuris myuros, strongly supports 
the cytoiogical affinity of the members of the su^tribe 
Rottboellinae and the tribe Maydeae. 
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H,0, metabolism during senescence (A HydrUla 
leaves under light and darkness 

Hydrogen peroxide is a toxic metabolite* 
produced naturally during plant metabolism^ It may 
form in leaves of terrestrial j^ts during the activity 
of several oxidase oizymes^. A change in the level 
of HjOj has been regarded as an important a^xxt 
of 1^ development and senescence by several 
authors*’ K It has bem suggested thm Hp, has 


profound influence on senescence in excised leaves of 
rice*-* and stmflowei^. 

Daring senescence, the activity of cataliw. 
decreases^’^^ resulting in several-fold increase m H^O, 
level. Pmxidase is anodier enzyme involved in the 
catabolism of Hp, and its activity is greatly increased 
during senescence^. Tte role of two HjOj scavenging 
enzymes, particularly that of peroxidase, on 
senescence of terrestrial plants is still not clearly es¬ 
tablished. Moreover little is known about the HjOj 




Rg.l. Qumgei in the kvel tA H,0, (A) and activity of catalaae(B) in HydrUki leavM during lenescenoe in light (O) and daifcneti (#) 


T 



H|2. Chanieainttieactivityof'ye«iyirtia>(A)w»dkvrioftoialfiBe|iiiBnola (B)klf>dWBflleav«idiMiBiiaawceoo»faili^<P)Mid 
daikneia(9) 
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metabolism and leaf senescence in aquatic plants. In 
view (tf the above, the present investigation was de- 
sigi^ to analyse tl^ role of HjOj and its metabolism 
during leaf sraescence of Hydnlla, a submerged an- 
giosperm, in both light and darkness. Attempts were 
also made to study the changing pattern of catalase and 
peroxidase activity during senescence of Hydrilla 
leaves in light and darkness. 

Healthy mature twigs of Hydrilla verticillata 
(L.f.) Royle were collected from tl« tank maintained 
in the Department of Botany of Burdwan University 
and thoroughly washed with wat^. Surface was 
stmlizcd by rubbing leaves with cotton moistened 
with ethanol for a few seconds followed by immediate 
washing with distilled water to avoid desiccation’. 
Leaves from the subapical portions were isolated and 
carefully blotted to remove adhering water. Random¬ 
ized leaf samples (400 mg) were floated in Petri- 
dishes containing water mixed with 17 pM streptomy¬ 
cin sulphate and 70 pM sodium penicillate to check 
microbial growth*®. The leaves were then incubated in 
the dark or in continuous light (20 p mol m"*S”*) in a 
temperature-controlled growth room (25 ± 2®C). 
After stipulated periods of incubation (0,2,4,6 and 8 
days), the leaves were washed thoroughly with deion¬ 
ized water, blotted and sampledfor differentanalyses. 
Hydrogen peroxide (H^Oj) was estimated in the leaf 
samples according to the meUiod of Mac Nevin and 
Uron*’. Activities of catalase and peroxidase were 
assayed following the methods de.scribed by Kar and 
Mishra^. Catalase activity is presented as enzyme unit 
(g FW)“‘M"* and peroxidase activity is presented as 
tiM purpurogallin formed (g FW)“*M’*. TTic total con¬ 
tent of phenolics was also determined from the alco¬ 
holic extract with the Folin-phenol reagent according 
to the method of Bray and Thorpe'l Each expoiment 
was repeated thrice with three replicates in each set 
and th& mean values are represented in Figs. 1 and 2. 
Standard errors (SE) were calculated*’ and plotted in 
the figures as bar. 

The level of H 2 O 2 in senescing leaves of 
Hydrilla increased to a greater extent in light than in 
the dark till day 8 (Fig. 1 A). Light-induced increase in 
HjOj level is now well documented **■*’. According to 
Kar and Choudhuri*’, the li^t-induced accelerated 
degradation of chlorophyll in Hydrilla leaves is medi¬ 
ated through a phenol-^ific peroxidase-H^Oj sys- 
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tern located within the chloroplast 

Catalase activity deceased both in light and 
darkness with ivogress of senescence (Fig. IB). 
Compared with darkness, the catalase activity was 
lower in continuous light The decrease in catalase 
activity in Hy<Hlla leaves is in agreement with the 
earli^ observation of Mondal and Ctoudhuri*® and 
Patra et al.* in terrestrial plants. Howev^, there are 
some reports which show that the activity of diis 
enzyme increased in dark-incubated excised leaves of 
wheat and barley*’'*'. Hence, it has been suggested 
that the change in catalase activity during senescence 
is species-specific*. 

Peroxidase activity of Hydrilla leaves increased 
with time, but the increase was mexe sipifleant on day 
6 and 8 in light than in darkness (Fig. 2A). The 
increase in peroxidase has also be^ noted previcHisly 
for a variety of senescing plant tissues’**’'*® although 
its role in senescence is not well understood. Bireciot 
et al}^ suggested that increase in peroxidase may be 
an induced {xotcctive reaction to delay senescence. 
There are also suggestions that tetiameric catalase 
molecules break to form monomeric peroxidase mcrie- 
culcs**, resulting in several-fold int^^ease in pooxi- 
da^ activity during senescence*®- **. A sharp rise in 
peroxidase activity in Hydrilla leaves in light indicates 
that this isoenzyme is influenced by light”. 

The increase in total free phenolics during seites- 
cence was observed in both light and darkness, but the 
effect was more pronounced in light on day 6 and 8 
than in darkness (Fig. 2B). This increase may be 
accounted for as due to the release of phenolics from 
the leaky vacuoles and the liberation of the phenolic 
amino acids from.proteolysis’. 

From the above results, it is found that H^Oj me¬ 
tabolism is an integral part of leaf seitescence of 
Hydrilla, as it is in case of terrestrial plants. 
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Metabolic status of the Athyrium frond during 
vegetative and fertile phase 

Metabolic changes during vegetative to 
reproductive i^iase have been investigated largdy in 
angiosperms' white such studies in pteridiphyies have 
been sparse and relate to quantitative variations in the 
free-amino acid pool during spike initiation in some 
species of Ophioghssun^. The present invesUgttion 
deals with quantitative variations in sugar, total free- 
amino aci^, lipid, phenol, starch, protein and 
pho^ldiorous and qu^tative differences in free- 
and bound-amino acids in sterile and fertile fronds (tf 
Athyriumfakatum Bedd. 


Smile fronds of A.falcatum were collected 
from Ml Abu (Rtgasthan) in August, 1986 when the 
plants were in the vegetative phase and fertile ones in 
October, 1986 after die onset of rqiroductive phase. 
Sugar*, protein*, phenol*, starch*, lipitf, pho^ho- 
rous* and free-amino acid* were quantitatively Esti¬ 
mated by standard mediods in both sterile and fertite 
fronds. Free- and bound-amino acids were qualita¬ 
tively determined by papa chromatography*®'**. 

The fertile fironds were found to contain 
higher quantities of sugar, i»otein. phenol, starch and 
total fr^aminoacids (Fig. 1). Thequantity of lipids 
andphosphtnouswas, however, seentobeieduc^in 
a fmile frond ( spcrophyll ) in comparismi to 
vegetative frond. Besides, Ae amino-acid content of 
the fertile and vegetative phase exhibited qualitative 
variations, l^us, glycine ahdhydroxyproline in free 
ftxm and serine in bound form were foimd to be 
exclusive to i^rqrfiylls. Similarly, threonine in free 



Fig. 1. Qnntiuiivu viriwinrt of nwlabQliiei iBr*die iterik 
(fn»d ) uni fotae (ipaniihyn ) kaf cf the fan Artevium 
Jaladiim(l nigir.2praiem.3phenid,4itaiGh,5Ii|pte, 
6 phocpharaai, 7 free mnao acid ) 
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form and tyronine in bound form were restricled to 
sterile fronds. Cystein provided interesting vari¬ 
ations, occurring in bound form iiwhe vegetative frond 
and in free form in the ^rt^hyll (Table 1). 


TABLE 1: VariaUons in free and bound amino acids (quali* 
tative) of the frond and sporophyll In A.fakaium 


Free-amino edd 

Bound-amino acid 

Frond 

Sporophyll 

Frond 

Sporophyll 

Lynne 

Lysine 

Arginine 

Arginine 

Omiihene 

Omithene 

Tyronine 

- 

- 

Glycine 

Methionine 

Methionine 

- 

Hydroxyproline 

Prolinc 

Proline 

Threcnine 

- 

- 

Serine 

- 

Cystein 

Cystein 

- 

Iideucine 

Isoleucine 

- 

- 


Quantitative escalation of sugar, protein, 
phenol, starch and total firee-amino acids indicate an 
enhancement of metabolic activity consequent to (he 
onset of reproductive phase in this fern. This increase 
in metabolities may also be due to the mobilization of 
soluble nitrogen and other compounds during the 
transformation of the plant from vegetative to repro¬ 
ductive phase. It is relevant to mention here that 
translocation of nutritive substances, specially sugar 
and amino acids from vegetative tissue to the ovules is 
known in many angiosperms'^ So also the appear¬ 
ance of glycine and hydroxyproline in free form and 
serine in bound form, while the elimination of threon¬ 
ine in free form and tyronine in bound form in the 
sporophyll (fertile phase of the frond) is a manifesta¬ 
tion of a change in amino acid pool of the plant during 
rq»oductive i^iase. Glycine and hydroxyproline in 
free form and serine in bound form may have an 
important role to play in enhancement of the metabolic 
activity consequent to initiation of reproductive struc¬ 
tures (sporangia) in this fern. Similar studies in other 
ferns of Rajasthan during the change from sterile to 
fertile phase are being investigated in this laboratory 
in order to arrive at conclusions regarding the meta¬ 
bolic status of pteridophytic plants. 
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Varietal preference of ber fruit-fly, Carpomyia 
vesuviana Costsk. against differeiit ber cultivars, 
Zizyphus mauritiana Lamk. at 
S. K. Nagar, North Gujarat 

Ber (Zizyphus mauritiana Lamk.) is one oi 
the most ancient and common fruitsof India. It is very 
popular among rural Indians from time immorial. In 
India ber is being cultivated in an area about 22,000 
hectares and widely grown in the plains of Punjab, 
Uttar Pradesh, Haryana, Rajasthan, Andhra Pradesh, 
Tamil Nadu and West Bengali In Gujarat the land 
under ber cultivation is about 4100 hectares, mostly in 
the semi-arid zones of the State^. In India about 125 
varieties of ber are grown in different States and the 
main varieties in vogue in Gujarat are Gola. Mehnm, 
Umran, Ajameri, Chameli, Randcri^ etc. 

Among the various constraints in successful 
ber production, the insect attack form the prime im¬ 
portance of which ber fruitfly Carpomyia vesuviaha 
Costa, is the most serious and has been proving a 
limiting factor in cultivation. Its attack not ordy 
reduce the yield but also adversely affects the quality 
of fruits. The persistant menance of this pest has been 
reported to qioil up to 100 per cent ber fruits in South 
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India^ and not less than 80% in Delhi^ and at times 
even as high as 100 per cent of her fruits in Rajasthani 
Hence considering the economic status of her fhiit-fly 
a study was conducted at Sardar Krushinagar Campus 
of Gujarat Agricultural University to screen the 
existing her varieties against this pest to detect the 
resistance if any, during 1986-87. 

Popular seven varieties viz. Gola, Seo, Seb, 
Mundia, Umran, Chameli and Local were kept under 


revealed that diere is a significant diffaence in fruit- 
fly incidence due to variety, poiod and variety x 
period. This '«hows that there is a significant 
difference in prcfoence of diff^nt ber varieties by 
ber fruit-fly. The results also indicated that the loc^ 
variety was least preferred by fruit-fly followed by 
Mundi^, Seo. Seb, Umran, Chameli and Gola having 
15.01,17.14,21.89,22.47,31.96 and 32.89 per cent 
damage respectively. Chameli and Gola were the 
most susceptible varieties and remained at par in fruit- 


TABLE 1: Per cent damage of bo* fnilt-fly In different ber varietieii during different picking 

at Sardar Krushinagar (1986-87) 


Period 



Per cent fruit-fly damage 




Mean for 
period 

GoU 

Seo 

Seb 

Mundia 

Umran 

Chameli 

Local 

21st January 

43.04 

29.18 

32.80 

26.69 

32.56 

50.56 

25.48 

34.33 


(46.58) 

(23.77) 

(29.34) 

(20.17) 

(28.96) 

(59.64) 

(18.50) 

(31.80) 

4ih February 

37.80 

23.85 

26.25 

21.75 

27.24 

36.38 

m40 

27.77 


(37.56) 

(16.34) 

(20.54) 

(13.73) 

(20.95) 

(35.18) 

(12.15) 

(21.71) 

18th February 

30.09 

21.12 

23.52 

20.57 

24.78 

27.38 

18.39 

23.69 


(25.13) 

(12.98) 

(15.92) 

(12.34) 

(17.56) 

(21.14) 

(9.95) 

(16.14) 

4ih March 

28.91 

20.75 

23.30 

18.74 

24.16 

21.10 

17.97 

22.13 


(23.37) 

(12.55) 

(15.64) 

(10.32) 

(16.75) 

(12.95) 

(9.52) 

(14.19) 

18th March 

35.15 

27.41 

32.94 

26.26 

32.78 

36.n 

24.74 

30.86 


(33.14) 

(21.19) 

(29.56) 

(19.57) 

(29.31) 

(35.76) 

(17.51) 

(26.31) 

Mean for variety 


24.46 




34.43 

21.4 

— 


(32.89) 

(17.14) 

(21.89) 


(22.47) 

(31.96) 

(13.31) 





S. Em. 


C. D. at 5% 




Varieties 



± 0.38 


1.067 




Period 



± 0.32 


0.90 







± 0.85 


2.38 




C. V.% 




6.87 






Figures in the parsntheses indicate retransformed values 


observation to find out their susceptibility to fruit-fly 
infestation. Five u^ees of each variety having uniform 
growth were choosen and hundred fruits were 
observed at the time of each picking. In all five 
pickings were taken during the season to record the 
infestation of ber fruit- fly, C. vesuviana. The ob¬ 
served damage was convmed to percentage inci¬ 
dence. Tlie percentage incidence was uansformed to 
angular values and the data were analysed following 
the procedure of complete randomised design. 

The mean per cent infestation of fruit-fly in 
7 varieties are given in Table 1. The statistical analysis 
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fly infestation. Seb and Umran varieties were medium 
in fruit-fly infestation and remained on par with each 
other. It was also diserved that highest infestation of 
fruit-fly (31.80%) was observed in the first picking 
made in third week of January. The present findings 
ate in agreement with the results obtiuned by Singh 
and Vashishtha'’ in Rajasthan. They found that local 
variety was least attacked by fruit-fly followed by 
Mundia. The same results are also repeated by Maim 
and Bindra*, ButanP, Anonymous*® anri Pareek®. TTie 
least preference of ber fruit-fly to local variety might 
be owing to hardness of pulp and less sugar content 
Hence this variety can be incorporated in breeding 
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programmes for evolving resistant varieties of ha 
orchards. 
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Solarium nigrum complex: Effect of 
temperature 

Temperature constitutes an important 
component of natural environment and the ability of 
plants to withstand the extremes of it is interesting to 
note. High-temperature treatment was found to 
induce univalents in pollen-mother cells (pmc) of 
wheat’. A number of authors have followed the fate of 
temperature-induced univalents in the various steps of 
meiotic sequences^' In the present investigation, 
Solanum nigrum has been examined from this point of 
view. 

Natural temperature was unusually high in 
the month of May-June of 1987 when this ranged from 
25-30®C in early morning and 404.6'’C during day. 
All members of the 5. nigrum complex grow well in 
winter (18-25°C). To study the effect of temperature, 
flower buds were fixed in 1:3 acetic-alcohol during 


day time. Pollen fertility was determined on the basis 
of their stainability in 1% acetocarmine solution. 
Empty and unstained pollen-grains y/ae classified as 
sterile, and spherical, rilled and stained ones as fertile. 
Maximum number of univalents were scored where 



Figii. 1-3: (1) MeUphue I shof^g 221 + W in diploid; 

(2) Meia^ase I riiowing 481 in tetraploid; (3) Meu- 
phase I showing 7(9 + in in hexaploid .(All n 2000) 
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they are easily distinguished from the bivalents under 
unpaired condition, and also by their failure, in most 
cases, to assemble on the n^taphase plate. The 
numbo* of univalents per pmc was more in tetraploid 
S. vUbsum and diploid S. americanum than hexaploid 
5. nigrum (Figs. 1,2 and 3). It is assumed that high 
temperature could have prevoited synopsis. The 
other abnormalities in the complex included clumping 
of chromosomes at metaphase I, high frequency of 
laggards and organization of micronuclei. 

The pollen sterility in the complex was vari¬ 
able in response to temperature. It was high in diploid 
and tetraploid plants (45 and 60%, respectively) but 
less (28%) in hexaploid, while in normal condition 
pollen sterility were 5, 9 and 8% in 2x, 4x and 6* 
forms, respectively. The diploid and tetraploid forms 
being recently introduced under the present climate 
have shown higher pollen sterility than die more 
ancient hexaploid form which is better stabilized 
under the present conditions. The increased level of 
ploidy is generally found a.ssoci(Ucd with greater 
physiological plasticity. The pollen sterility encoun¬ 
tered in the present complex was proportional to the 
formation of univalents. Temperature appciired to 
have lowered seed-setting also, showing 30,12 and 35 
seeds per fruit while under normal condition 61,21 
and 50 seeds were recorded in diploid, tetraploid and 
hexaploid, respectively. Thus, the observations are 
indicative of tetraploid S. villosum very sensitive to 
temperature. 
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Seed variations in Tephrosia purpurea Pers. 
of Indian desert 


Tephrosia, a sub-tropical genus, is widely 
distributed throughout India. It is a characteristic 
species of semi-arid and arid lands of the world. 
T. purpurea is found in different edaphic conditions 
ranging from cultivated fields and gravely belts to 
sand dunes and sandy plains of Indian desert. Poly¬ 
morphic fc»ms in the populations of T. purpurea 
growing at Waltair have been recognised*. In Indian 
desert, the earlier studies revealed that the flowCT 
colour ranges from crimson-red, red, pink, light pink, 
pinkish-white and pure white®. However, no work has 
been done on the variations in the .seed characters of 
this species showing a large ecological amplitude. 

For the present study, the populations, of 
T. purpurea at Osian ( sand dunes) and Pal ( sandy 
plain ) two sites of Jodhpur district were screened 
(200-3(X) plants) in 1986-87 (Aug - Sep). The various 
characters, viz. seed weight, pod-length, seed output/ 
plant, plant height were mea.sured from each individ¬ 
ual plant Ba.scd on distinct seed-coat patterns, plants 
were categorised into six clu.stcrs. The percentage of 
occurrence of each cluster was calculated; in each 
cluster, the average has been set (Table 1). All data 
were statistically analysed®. 

Characteristics of seeds, more than any other 
characters require precise integration and coordina¬ 
tion between different functions, for successful repro¬ 
duction to occur especially in arid zones. Moreover, 
the adaptive values of seed size, shape, and output as 
well as food storage in the seed may conflict with each 
other to such an extent that reproductive efficiency in 
a particular habitat may represent a compromise 
among the conflicting demands. A perusal of Ta!»lc 1 
reveals that yellow colour is dominant in general. 
However, seed colour ranges from shades of yellow to 
brown and are in cylindrical shape. The weight of 
seeds and length of pods collected from sand dunes 
were comparatively greater than those of sandy plains. 
The seed output is comparatively higher in popula¬ 
tions of sandy plain. However, the variations are not 
significant when statistically analysed. 
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TABLE 1: Seed morphologkti characters of f. piupurwt, at two difTerent habitats in 

Indian desert 


Cokmr 

pattern 

%of 

occurrence 

l(X)-s6ed 

weight (mg) 

Length of 

pod (cm) 

No. of 

seeds/pod 

Seed 

output/plant 

Height of 

plant (cm) 

Pal; 

Yellowish brown 

4 

1310.49 

4.24 

6.67 

222.67 

38.33 

Dark brown 

8 

1236.66 

3.69 

6.00 

279.88 

45.17 

Yellow 

10 

1369.65 

3.65 

5.90 

256.90 

49.20 

light brown 

13 

1382.29 

4.03 

5.94 

247.00 

40.85 

Greenish yellow 

21 

1235.47 

3.75 

6.25 

259.13 

47.75 

light yellow 

44 

1244.41 

3.81 

6.15 

245.68 

37.38 

Computed F value 


2 62* 

1.87"* 

1 392™ 

1.088”* 

6.45** 

CD at 5% 


11565 

~ 

— 

— 

1.76 

Osian : 

Yellowish brown 

6 

4176.26 

167 

4(X) 

199 25 

44.25 

Dark brown 

10 

4088 79 

4.55 

3.78 

160,63 

47.00 

Ijght brown 

10 

.3987.42 

4.48 

4.28 

212.29 

43.43 

Grceni.sh yellow 

IS 

4465.53 

4.58 

3.98 

147.62 

45.36 

Yellow 

19 

4038.66 

4.66 

3.84 

157.86 

42.73 

light yellow 

40 

4200.59 

4.66 

3.81 

157.33 

50.56 

Computed F value 


1.35"‘ 

0.491™ 

0.34"* 

1.635™ 

^ 1.54™ 

CD at 5% 


— 

~ 

— 

— 

— 

ns = Non- sigruficant 

* = Significant at 5% level 

** = Significant at 15? level. 




Except the report of bizarre seed patterns of 
45 Indian species^, notliing is available on seed mor¬ 
phology of desert plants. The present investigation 
gives a glimpse of the bizarre seed patterns of desert 
plants. Probably desert is the only habitat where seed 
is subjected to rigorus environmental conditions and 
thus the identification of isolated seeds is more diffi¬ 
cult due to the variations. Morphological characters 
not only vary between species, but to a great extent, 
variations also occur within a given species. A com¬ 
parison of morphological characters in a group of 
related species having different »:ological require¬ 
ments should provide useful information on the adap¬ 
tive basis of their differentiation. The discovery of 
seed-morphological variations is noteworthy and its 
cytological study might reveal interesting results in 
their populations. 
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Effect of sodium fluoride on adrenal and 
hypothalamus in weaver bird 

Noticeable changes in the hypothalamo- 
neurosecretory system were recorded in Guinea pig 
with the administration of sodium fluoride'. The salt 
treatment induced depletion of neurosecretory mate¬ 
rial both from supraoptic (SON) and paraventricular 
(PVN) nuclei in spotted owletl The present problem 
is undertaken with a view to find out the effect of 
sodium fluoride on hypothalamus and on adrenal 
function during the breeding season of an avian repre¬ 
sentative. 


appropriate solutions for the estimation of choles¬ 
terol*, Ascorbic acid* and catecholamines* 

In both sexes the adrenal cortical cord width 
(subcapsular and central zones) was elevated after 
sodium fluoride treatment (Table 1). The cortical 
nuclear diameter was increased significantly 
(P <0.05). In treated birds distorted medullary region 
showed vacuolation. Nucleolus was conspicuous 
both in cortex and medulla. The diameter of hypotha¬ 
lamic nuclei (SON and PVN) decreased after the salt 
treatment (Table 1). Polar accumulation of 
neurosecretory material in both nuclei decreased in 
treated birds. 


TABLE 1: Gravimetry and cytometry (Mean value ± standard error) of adrenal and hypothalamic neurosecretory nuclei in 

weaver bird ancr sodium fluoride treatment 


Sex 

Treatment 

B. Wt. 

Adr. Wt. 

Cortical cord width (pm) 

Nuclear diameter (pm) 



(6) 

(mg) 

sez* 

CZ 


M 

SON 

PVN 


Control (10)** 

30.40 

^3.60 

42.81 

38.51 

4.53 

5.30 

"^"9.25 

"oTs" 



+ 

± 

+ 

+ 

+ 

± 

± 

± 

Male 


3.41 

1.21 

2.51 

1 63 

0.73 

0.62 

0.71 

0.63 


Treated (15) 

30.10 

4.00 

51.32 

45 60 

6.53 

4.75 

7 75 

7.52 



± 

± 

± 

+ 

+ 

± 

± 

± 



2.53 

1.53 

1.39* 

1.29* 

0.91* 

0.86 

0.88 

0.49 


Control (10) 

30.00 

3 40 

45 06 

39.30 

4.75 

5.45 

9.30 

9.27 



± 

± 

± 

+ 

± 

± 

± 

± 

Female 


2 73 

1.19 

2.32 

2.00 

0.82 

0.69 

0.45 

0.51 


Treated (15) 

29.00 

4.00 

56.00 

49.15 

7.00 

5.05 

7.50 

7.15 



+ 

± 

± 

± 

± 

± 

+ 

± 



2.51 

1.76 

2 12* 

2.11* 

0.75* 

0.81 

0.61 

0.44 


*SCZ = Subcapsular /one; CZ = Central /one; C = Cortex; M = Medulla; SON = Supraoptic nucleus; PVN = Paraventricular nucleus 
*♦ Number in parenthesis are used birds 


A total of fifty adult weavci birds (Ploceus 
pliilippinus) of both sexes during their breeding sea¬ 
son was divided into four groups, tach .sex consisting 
of 25 birds of which 15 birds were used for treatment 
and remaining 10 served as control. InU’aniu.scular 
treatments were conducted cither with stHliiiiii fluo¬ 
ride at a dose level of 5 gm/100 g body weight or with 
distilled water. All the birds were .sacrificed by 
cervical dislocation after one hour of the treatment. 

The hypothalamo-hypophysial complex and 
the adrenals were dissected out. Tissue sections of 
Bouin’s fixed hypothalamo-hypophysial complex 
were stained with aldehyde fuchsin*. After taking the 
adrenals weight, one of them was fixed in Bouin’s 
fluid for histological sections stained with hacma- 
toxylin and eosin. The other one was macerated in 


Cholesterol and ascorbic acid concentration 
in adrenal tissues of both sexes increased significantly 
(P <0.001) after the trcatmcnL The salt administration 
caused significiuit reduction of catecholamines in 
adrenal tissue (Table 2). 

TABLE 2 : Biochemical changes in the adrenal gland of 
weaver bird after sodium fluoride treatment 
(Mean value ± standard error of five samples) 
expressed in pg/mg of tissue 


Sex 

Treatment 

Qtoles- 

tcrol 

Ascorbic Epine- Norepine- 

acid phrine phtine 


Control 

39.35±3.62 

0.81±0.QS 0.83± 0.04 1.0310.03 

Male 

Treated 

80.00±4.93* 

2.3010.04* 0.2710.05* 0.1710.04* 


Control 

37.31±3.90 

0.8210.04 0.8210.04 1.3910.04 

Female 

Treated 

86.71±4.27* 

21210.05* 0.2510.03* 0.1.510.05* 
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The adrenocortical hypertrophy with the 
significant elevation of biochemical parameters cho- 
Jesterol and ascorbic acid in the adrenal tissue suggest 
the inhibition of corticoidogenesis by sodium fluoride 
treatment. 

The fluorosis resulted for the depletion of 
neurosecretory material (NSM) in hypothalamic cell 
nuclei of weaver birds suggests that the augmented 
synthesis of ACTH causing hypertrophy in adrenal 
tissue. The sodium fluoride salt probably blocking 
oxidation resulting inhibition of corticoidogenesis 
from cholesterol and catecholamines from dopamine. 
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Problem of cell contact and fusion 

Adhesion between adjoining cells is a funda¬ 
mental biological event, preceding both morphogene¬ 
sis and organogenesis and also providing the basis for 
cellular recognition and membrane fusion*. The fu¬ 
sion of two cells initially involves contact and specific 
adhesion of the surface structures^ 

Various forces in cellular interaction can 
take placed The DLVO (Derjaguin - Landau - 
Verwey - Overbeek) theory indicates that the 
interaction engery of biological membranes at fixed 
separation is mainly due to attractive and repulsive 
forces; in general, electrostatic forces tend to keep the 
membranes apart while attractive forces, largely as 
London-van der Waals forces, tend to favour contact 
between the membranes. Since these forces act ovct 
considerable distances (up to several hundred 


angstrO ms), they could explain the mutual attraction 
of cells, their adhesion at a constant separation and the 
persistence of a force resisting separation of the cells. 
The close tqpproximation of cell surfaces prior to 
fusion could only be achieved if the approach and 
contact between them was made by microvilli with a 
low radius of curvature* (<0.1 jim). Microvilli of 
these dimensions are able to overcome the potential 
energy barrier opposing close contact between the 
surfaces. Once close contact has been achieved be¬ 
tween membranes, the events responsible for fusion 
can take place. For membrane fusion, the displace¬ 
ment of Ca** from the membrane is required to provide 
ionic sites for molecular interaction with other mem¬ 
branes. 

The potential energy of repulsion, 
Wg (which prevents contact) between two similar par¬ 
ticles of radius a can be written as* 


w. ( 1 ) 

where s is the shortest distance between surfaces, then 
the distance between centres is R * 2a+s, e is the 
dielectric constant of the mediikn, 0 ^ is the electro¬ 
static surface potential which is related to the zeta 
potential (Q, 


K’ = 


SrtneV 

GkT 


cm' 


( 2 ) 


n is the number of ions of each species per unit 
volume of solution, e the charge and v the valency, 
X = 1/k (a C"*^) is the Debye- Hiickel screening dis¬ 
tance, C is the concentration which is usually ex¬ 
pressed in moles per liter of solution. 

The zeta potential can be computed from the 
electrophoretic mobility. If u represents the cellular 
electrophoretic mobility (cm/s per volt/cm), the zeta 
or elccU-okinetic potential is given by* 

^requ (3) 

'*"* e 

Tj is the dynamic viscosity of the suspending fluid at 
the shear plane. The magnitude of ^ is considered a 
measure of the cell-cell repulsion. At a critical value 
of the zeta potential, the cellular repulsion will no 
longer be strong enough to prevent contact. Ibe seat 
of the zeta potential is the shearing plane between the 
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bulk fluid and an envelope of fluid which moves with 
the cell. 

The interacting regions of two cell peripher¬ 
ies must come to within about 4 A of each other when 
they make contacf. For R«2a, one can write 


’R “ 



(la) 


The potential energy of attraction between two 
spheres is . 

= (4) 


s «2a, A is known as the Hamakcr constant. 

When R»2a, 

W ~ 16A ^ ^ 

‘““9 ■ s*^ 

In the case of a sphere approaching a flat plate, which 
may be more relevant to a cell process with a hem¬ 
ispherical end approaching a noncellular surface, the 
net repulsive barrier W is given by 

Where y = (c*^ --1 )/(c''^ + 1), z = (l)^ e/kT, 

k is Boltzmann’s constant and T the absolute tempera¬ 
ture. 

Equations (1) and (6) show that cell contact 

is expected to be promoted by low-surface potential 
by low radius of curvature of contacting cell surfaces, 

by low environmental dielccu-ic constant e and by 
factors reducing the effective thickness of the electri¬ 
cal double layer of ions associated with the cell 

surface (1 /k). Equation (2) shows that l/ic may be 
reduced by raising environmental ionic strength and/ 
or valency. The factors may be significantly altered by 
the action of enzymes due to division or growth. 
Under physiological conditions, the presence of cal¬ 
cium and magnesium ions will reduce the thickness of 
the electrical double layer, and hence the magnitude of 
the repulsive force between the cclls\ 

For small distances, the net interaction en¬ 
ergy as a function of cellular separation is given by 
W = W^ + W^, (7) 

Where W^ and W^ are defined in equations (4), (5) and 
(la). 

The total potential energy is related to the 
zeta potmtial. If ^ is large, W^ (which is proportional 
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to (^) becomes larger. Since the total interaction 
energy is the sum of W^ and W^, one can make ^ so 
large that a maximum will appear in W with s. Allege 
distahees W is attractive (i.e. van der Waals’ attraction 
is important), because li^J^is proportional to 1/s* (equa¬ 
tion 5), whereas W^ decreases exponentially. As the 
separation distance becomes smaller, the cleciSical 
repulsion takes over and finally van der Waals attrac¬ 
tion becomes more prominent again. The maximum 
of W with s signifies an activation eneigy. Cells will 
not come in contact, if they are unable toovercome this 
activation energy which is directly related to s. The 
tfansitional case for cell contact can be obtained from 

the conditions W = 0 and ^ = 0 for the same value 

ds 

of s, which will give ks = 1 and thus 

. ( 8 ) 

A 

This with the help of equation (2) gives ^ = 23mv, 

when X = lOOA, A = 10 ** erg, e = 80. With a much 
lower van der Waals constant (^lO"** erg), as pro¬ 
posed by Pcthica*, one will find Cconua “ 

The reduction in radius of curvature would 
facilitate very close approach of cells “through” the 
total potential energy of interaction barrier^ Surface 
charge has been shown to be related to cell contact 
behaviour®. In the biological problems, ^ has a nega¬ 
tive value which further depends on the pH values. 
(Typical intracellular pH values are’® 6.8-7.0 in ani¬ 
mals. The pH of the extracellular fluid is greater than 
inside the cell). Cancer cells have lowered poten¬ 
tials”. These changes reflect alterations in ionic bal¬ 
ances across the membranes and are a result of intra¬ 
cellular alterations. This could account for their 
changed permeability and mobility. When the elec¬ 
trophoretic mobility of clonal lines of normal and 
tumour cells are measured, the polyoma transformed 
cells are found to be more electronegative®. 

Cell-to-cell interactions are modified by 
surface changes promoting or inhibiting cell prolifera¬ 
tion into tumour masses. Changes in cell membrane 
are responsible for malignant growth’^ Anchwage- 
independence has been found to be one of the most 
consistant cmrelates of uimorogeneicity in-vivo^^. 
The change from normal to tumour cell is 
accompanied by an increased surface charge. Blood 
SCIENCE AND CULTURE, OCTOBER 1988 



cells which have a high negative surface charge are 
coiqparatively non-adhesive\ Fcht fusion to occur, a 
relatively high piopc^on of the lipids of both mem¬ 
branes may need to be organised in micelles of lipid or 
lipoprotein*^. &iterdigesdonofthemicellc.sorthetwo 
membrane could then lead to membrane fusion. The 
probability of fusion, however, varies from cell to 
cell*^. Fusion between malignant and normal human 
cells results in the suppression of malignancy as 
measured by tumour formation*^ Malignant-malig¬ 
nant hybrids retain their malignant character. 
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Effect of some broad-spectrum autibiottcs on the 
survival of maggots and adult emergence of 
melon fruit fly, Dacus (Chaetodacus) Cueurbitae 
Coq. (Diptera: Tephritidae) 

Insects are quite unique in having symUotic 
relationship with bacteria, fungi, yeast and even proto¬ 
zoa. The presence of bactaium symbiotes have al¬ 
ready been reported in the peritiophic membrane of 
the maggots of Dacus oleae for their normal growth 
and develofment*. Information on the symbiotic 
relationship in melon fruit fly is limited. Hence, the 
present investigation was carried out to find out the 
effects of two antibiotics, viz. strqitocycline and 
sulphanilamide on the survival of maggots and adult 
emergence by injecting the various dosages, i.e. 50, 
200 and 500 ppm in the cucumber fruits. 

Cucumber (CucumissanVtu L.cv. Japanese 
Long Green) was sown in 25 plastic pots on April 5, 
1986. All the pots were tranfmed to the screen house 
after the germination of seeds and finally only one 
plant per pot was maintained fcv fruiting. The culture 
of the D. cucurbitae was maintainetfin the laboratmy 
on the tender fruits of cucumber kept in ten glass 

aquarial (30 x 20 cm) for getting the newly hatched 
(1-2 hr did) maggots. Cotton pieces soaked in liquid 
food (10% sugar 4- 2% yeast in wat^) were kqR in 
petri-dishes in each aquarium for the feeding of adults 
and the food was changed twice in a day. Thosefruits, 
having resinous dqx)sit (egg-laying spots) on the 
surface, were sorted out for newly hatched maggots. 
Fruits, having eggs inside, were examined twiceaday 
in a binocular for the collection of maggots. 

The experiment was planned in a rando¬ 
mized block design with 7 treatments and 3 
replications. Streptocycline and suli^uuiilamide in 3 
different dosages, viz. 50, 200 and 500 ppm were 
injected in the tender (50-60 gm) and heal^y fruh (tf 
cucumb^ with an untreated control experiment whoe 
only the solvent, i.e. distilled and sterilized water was 
injected. An alcohd sterilized micro-syringe was 
used for the injection of antibiotic solutions (1 mV 
fruit). Twenty-one fruited plants already grown in the 
screen house were selected and only one tender fruit/ 
plant was left fmr the injection and tdease of ooaggots 
andthua single fruit represented one rqilication. Toi 
newly hatched (1-2 hr old) mag^ per fruit 
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(replication) were released just below the fmit skin 
(3-4 mm deqtjby making * V' shapecuton the surface 
with the help of an alcohol sterilized stainless steel 
knife. The cut signs were sealed with a non¬ 
phytotoxic antimicrobial glue to prevent the entry of 
microbes from out side. On 7th day, all the fruits 
having maggots inside were examined for counting 
the mortality (maximum larval perjod in the month of 
June was 6 days). Per cent survival of the maggots was 
woriced out in each replication. Live maggots from 

each replication were transferred in glass jars (20 x 15 
cm) separately filled with sterilized sandy litam soil 
for pupation and then the jars were covered with 
muslin cloth to prevent the entry of pupal parasitoids. 
The number of adults emerged in each replication 
were counted up to 10 days and percentage emergence 
was worked out. Hie pupae which did not emerge and 
those adults with any type of abnormality in shape 
woe considered as dead. Per cent rotting in the pulp 
in each fruit (treated and untreated both) was worked 
out on weight basis. All the per cent data were 
transformed into their angular values^ and then 
analyzed statistically. 

A perusal of Table 1 reveals that the % sur¬ 
vival of maggots and adult emergence varied accord¬ 
ing to dose of antibiotics injected in the fruits. Strep- 


tocycline and sulphanilamide in higher dose (500 
ppm) showed marked lethal action on die maggots 
(23.33% and 33.33% survivals, respectively) as well 
as on adult emergence (41.65% and 44.45% emer¬ 
gence, respectively). The reasons for this lyight be 
due to adverse effects of these antibiodcs on the 
bacterium symbiotes which are beneficial for their 
normal growth and development in the immature 
stages. In the lower dosages (50 and200ppm) of these 
two andbiodcs, % survival of maggots as well as % 
adult emergence were considerably higher and statis¬ 
tically at par with the control experiment which might 
be due to enzymadc degradadon of these andbiodcs 
by the symbiotes or in lower dosages these andbiodcs 
did not prove lethal for the symbiotes. In the higher 
dose (5()0 ppm) of streptocycline and ailphanilam jde, 
% rotting in the pulp was considerably very low, i.e. 
11.73% and 12.93%, lespecdvely which might be due 
to lethal effects of these andbiodcs on the bacterium 
symbiotes. These symbiotes have already been re¬ 
ported to be responsible for rotdng in the pulp of 
damaged fruits by the maggots^ In the lower dosages 
(50 and 200 ppm) of these two andbiodcs, % rotdng in 
the pulp was considerably high (71.80 to 75.46% 
W/VVO which was found statisdcally at par with % 
rotdng recorded in control experiment (76.10%). The 


TABLE 1: Effect of streptocycline and sulphanilamide on the survival of maggots and adult emergence of D. eucurbUae Coq. 

damaging cucumber, Cueumit sativiu L. (Summer season, 1986) 


Treatment 

Dose 

No. of newly 

Mean % survival of 

Mean % adult 

Mean % rotting 


injected 

(R>m) 

hatched maggots 
f^sed 

maggots 

cmeigence 

inpu4>(W/W) 


Original 

Transfoimed Original 

Trans- 

Original Trans- 




value 

value 

value 

fotmed 

value 

fornied 







value 


value 

Streptocycline 

50 

30 

80.00 

63.93 

80.09 

63.73 

72.76 

58.53 

Streptocycline 

200 

30 

76.66 

61.21 

82.73 

65.69 

71.80 

57.92 

Streptoqrdine 

500 

30 

23.33 

28.85 

41.65 

40.00 

11.73 

2OJ01 ‘ 

■^IpKawSI MW wiii 

50 

30 

86.66 

68.85 

80.00 

63.73 

73.46 

60J1 

Sulphanilamide 

200 

30 

80.00 

63.93 

86.30 

68.28 

73.30 

58.89 

Sulphanilamide 

500 

30 

33.33 

33.21 

44.43 

41.74 

12.93 

21.05 

Untreated 

— 

30 

86.70 

68.89 

86.90 

68.79 

76.10 

60.72 

Comral* 







m 


SB(m) 




4.646 


4.313 


1.980 

CD. 5 % 




10.123 


9.402 


4.314 


* (My diitiJQed and steiilized waur. 
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reasons for this might be that these two antibiotics in 
lower dosages could not kill the symbkMes. 

P.N.MISHRA 

HiUCampui, 

0. B. Pant Univenrity of Agii A, Tedi., 

RanidMuri - 249 199, 

( Tehri Gailiwal), U. P., India. 

Receiyed: 4 April, 1988. 

‘V. Girolami, Redia, 54, 269,1973. 

*C. I. Bliss, Statistics in Biology, Vd. 1,1967, (Me Graw Hill Book 
Co., London). 

•R. Sankamarayanan and S. Jayraj, Proc. of lltird Int Symposium 
on Sub. Trop. & Trop. Horti. held at Bangalore, 1972, p. 91. 


Effect of certain nucleic-acid antimetabolites on 
the seed germination of Pistia stradotes L. 

Seeds of Pistia stratiotes, an aquatic angio- 
sperni, are positively photoblastic and burial or 
darkness per se restircts their germination'. Such 
being the situation, an investigation was carried out to 
adjudicate the effects of certain nucleic-acid an¬ 
timetabolites (which inhibit protein synthesis) upon 
the dark germination of seeds of this species. Black 
and Richardson^’ examined the influences of a 
number of inhibitors of RNA and protein synthesis on 
light-induced germination of lettuce seeds and found 
some of them to stimulate germination in darkness. 
Information concerning the impact of these sub¬ 
stances on hydrophytes is minimal and none is avail- 
abel fa* Pistia. Thus, this study was designed to' 
examine the relative effectiveness of antimetabolites 
such as i^midine (uracil and thiouracil) and purine 
(adenine and xanthine) bases in regulating the seed 
germination of P. stratiotes. 

Seeds of Pistia stradotes were collected in 
February 1975 and stored at room temperature in a dry 
place undl use. T^ts of germinability (20 mature 
seeds per treatment) were made in a glass Petri-dish (9 
cm diameter) on a single disc of filter paper (Whatman 
No. 1) wetted with 4 ml of the test solution or water, 
the emergence of operculiun (which is equivalsot to 


radkle) was selected as the criteritm of gemination. 
After soaking for 10 days in various solutions, the 
uiiq;»outed seeds were transferred water in 
Petri-dishes and were held for addido^ 10 days. 
Both before and after transfe, the dishes were pla^ 
in the dark chamber of an incubattvat 25 ± 1**C. Ail 
the results are the means oi at least two separate ex- 
perimeits, each with four rq)licates. 

TABLE 1 : Effects of pyrimkiiiic md purine bases on Hw 
dark germination of P. matidtes seeds 


Substance 

Germinatioo (%) 

Before tranifer After transfer 

H,0 

to water 

0 

to water 

30.0 

KT’MUracii 

0 

30.0 

lO-® M Uracil 

0 

25.0 

KT^M Uracil 

0 

30.0 

KHM Uracil 

0 

15.0 

10*’ M ’niiouncil 

0 

0 

KHM Ihiouradi 

' 0 

0 

10^ M Thiouracil 

0 

ns 

KT* M Thiouracil 

0 

5.0 

KT* M AdeniiK 

0 

0 

KT’ M Adenine 

0 

0 

l(r*M Adenine 

35.0 

65.0 

KT’ M Adenine 

62.5 

90.0 

lO-’M Xanthine 

12.5 

90.0 

10~’ M Xanthine 

70.0 

70.0 

KT* M Xanthine 

60.0 

82.5 

10^ M Xanthine 

65.0 

82.5 


TABLE 2: Effects of interaction of two purines (adenine and 
xanthine) and a single pyrimidine (thiouracil) en 
the dark germination of P. stratiotet 


Pre-treatment Duratioa Concentration of 

(hr) thiouracil (M) 




0 

10-’ 

10^ 

iir* 

KT* 

10'~’M adenine 

24 

0 

0 

0 

0 

0 


48 

5.0 

0 

0 

2.5 

2.5 


96 

20.0 

0 

0 

37J 

45.0 

10^ M xanthine 

24 

5.0 

0 

0 

5.0 

IS 


48 

30.0 

0 

0 

37i 

iio 


96 

32S 

0 

0 

10.0 

31S 


It appears from the present study that pyri¬ 
midines such as uracil and thiouracil act as in hibitors 
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to the seed germination of P. stratiotek, This is due to 
the fact that both the compounds haye similar molecu¬ 
lar structure*. However, purines behave differently. 
In the case of adenine, 10 * and 10 * M solutions exert 
strong inhibitory action and lO"* and 10 * M solutions 
induce a promotive effect. At all levels of supply, the 
xanthine solution shows stimulation. 

The interaction of thiouracil with adenine or 
xanthine is followed for P. stratiotes germination. 
While thiouracil causes inhibition, the latter can be 
overcome if adenine iM-e-treated seeds are sown in a 
medium containing the Hrst compound. This is unlike 
the findings of Shimeno and Kinoshita* who were 
unable to get a relieving effect by the use of mustard 
seeds. In our work, the relieving effect is secured with 
%-hr adenine pre-treatment and not with the 24-hr or 
48-hr pre-treatment. However, such a relieving effect 
can be had only with 48-hr xanthine pre-treatment and 
not with the pre-treatmtmt of shorter or longer duration 


of this compound. It would be interesting to find out 
whether the inhibitory activity of uracil can be offset 
with the application of these two purine bases or with 
various analogues. How these substances do stimu¬ 
late germination of light-requiring seeds in darkness is 
under investigation in this laboratory. 
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PROF. C. V. RAMAN—A TRIBUTE 


^HE country celebrated the birth centenary 
of Sir C. V. Raman, who distinguished 
himself in the world community of scientists 
by winning a Nobel prize for physics in 1930, 
It was a wise decision to have one celebration, 
collaborated by all the different organisations, 
to pay our tribute to the great scientist. Thus 
except for token meetings at different institu¬ 
tions where Raman had worked, the attention 
was concentrated on the function preceded by 
an international conference at Calcutta in the 
Indian Association for the Cultivation of 
Science. However, several journals and perio¬ 
dicals brought out special issues in this birth 
centenary month and many were the books 
which came out on the life and works of 
Professor Raman. Hence Science and Culture 
decided to bring out a special issue on the life 
and work of Professor Raman. 

Professor Raman left Calcutta in 1933 after 
nearly three decades of his stay and work in 
the city and the Indian Science News Associa¬ 
tion was born only later. Consequently we 
hardly find any of his articles in the pages of 
Science & Culture, the journal of the Asso¬ 
ciation. However, there is reference to his 
work by other workers in the field. In 1971, 
after his death, a large number of pages were 
devoted to his memory (some of those tributes 
are reproduced in this issue). 

It is rather unfortunate that Raman’s 
departure from Calcutta was sudden and was 
not on a very happy note. He wanted to keep 
contact with the Institute which nurtured his 
ideas and offered opportunity to do the work 


of break-through importance, but the circum¬ 
stances forced him into isolation and start 
afresh at Bangalore, He did establish himself 
in a respectable way and fostered an Institute 
which has again gained the worldwide acclaim 
as an Institute of excellence. 

Raman had his peculiarities and distingui¬ 
shing characteristics. Long hours of lonely 
contemplation and intense dedicated work had 
left some distinct marks in his mannerisms. 
The present author had the opportunity of 
meeting him and spending a good length of 
time in his company in 1958 after the Science 
Congress Session at Madras. 

Those were the early days of my research 
career when I had hardly published two papers 
and presented a couple others at conferences. 
Thus there was great enthusiasm to go to 
Bangalore and visit important research insti¬ 
tutes. Along with a couple of fellow research 
students we visited the Indian Institute of 
Science, its physics department and especially 
the high voltage engineering section. Raman 
Institute being close-by we thought of visiting 
it too. Some of our local friends told us that 
Professor Raman does not allow anyone to 
come near the Institute, leave alone visiting it. 
In his advanced age he was a bit unpredictable, 
secondly we were coming from the Institute of 
Nuclear Physics whose director was Professor 
Meghnad Saha, with whom Raman did not 
have good relations. Hence we were going 
in for the wrath of Professor Raman. This 
discouragement diffused the enthusiasm of 
two of my colleagues and I had to go with one 



only. We gathered our courage and at around 
eleven entered the unguarded gate of the 
Raman Institute. When we reached the steps 
of the main building a darwan enquired what 
did we want. We expressed our desire to visit 
the laboratories. The darwan informed that 
at that moment there was no one there and 
only Professor Raman could permit the visit 
and Professor Raman was expected at 2 00 p.m. 
We could go there at that time and try our luck. 
Triumphant at our first attempt we had a 
hurried lunch and returned back to the 
Institute before time. 

Professor Raman arrived promptly at 2 00 
p.m. and when he saw us waiting on the steps 
enquired from where we came. When we 
replied that we were from Calcutta and the 
Institute of Nuclear Physics and expressed our 
desire to see his Institute, he jovially said that 
“you were coming from a big Institute where 
modern things were done. Ours is a small 
Institute and we do classical things. How 
will you be interested in our work ?” After a 
pause, he continued that we had come from 
a long distance and we must see his Institute. 
Then he remembered that there were no 
assistants to show us round and volunteered 
to show us round as he did not have any 
thing very important to attend to. It was a 
unique experience to move around with the 
great scientist continuously talking without 
any hesitation inspite of the fact that there was 
great difference in age and we were total 
strangers. He told us about all his research 
assistants, some of their personal problems 
too and the type of work they were doing. 
He particularly pointed out the salient features 
of the apparatus and all along made us feel 
at ease. After about an hour’s tour, the 
darwan came in to inform that there was a 
phone call from some one for the Professor. 
At that stage the Professor took leave from 
us (we were in the museum) where he was 
explaining the history of each exhibit in the 


most absorbing manner. It was like a pleasant 
dream broken and his parting words were— 
not to leave the Institute without seeing the 
dark room. 

In fact. Professor Raman was proud of his 
dark room which had no doors. Any one 
could walk in at any time without disturbing 
any development work going on there. The 
path was such that the rectilinear propagation 
of light could not reach the sanctum by any 
means of scattering. The design was one to 
be proud of. 

We came out highly impressed in the kind 
treatment of Professor Raman. Today when 
I read some of the write-ups about Professor 
Raman (especially published in the centenary 
year) I wonder whether Professor Raman harbo- 
ure dany ill-feelings against anyone. His child 
like simplicity in meeting strangers and making 
them feel at ease was of a remarkable quality. 
This simplicity marked his approach to any 
problem whether in science or in daily life. I 
was told that sometimes in 1970 a few months 
before his death, he had been to Kanpur and 
he had difficulty in finding accommodation. 
Though Kanpur was a big industrial city it 
was lacking in good hotels and easy accommo¬ 
dation. He thought over the problem and 
arrived at a conclusion that Kanpur was not 
having hotels because it was not having enough 
historical ruins to attract tourists as in Delhi, 
Agra and other places. To the delight of his 
audience at National Physical Laboratory, he 
narrated this thought process in a lighter 
vein. 

Professor Raman was a great scientist but 
very much human with many weaknesses which 
he utilised to the best advantage. Here in this 
collection of articles by several noted jjersons 
these characteristics are high lighted. This is 
our tribute to his genius as well as his humane 
nature. □ 

•e 

B. B. Baliga 
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SIR CHANDRASEKHARA VENKATA RAMAN 


J. C. GHOSH 


Y^ENKATA RAMAN was born on Novem¬ 
ber 7, 1888, at the town of Trichinopoly, 
which stands at the head of the Cauvery delta 
and which, with its picturesque rock crowned by 
a temple, is famous in South Indian history. 
His ancestors on the paternal side were 
Brahman landholders, owning and farming 
agricultural property in a small way at a village 
near Ayyampet in the district of Tanjore. 
The father. R. Chandrasekhara Iyer, was the 
first in the line to break away from the village 
and the traditional occupation and to seek the 
path of Western learning. At the time his 
second son Venkata Raman was born, Chandra¬ 
sekhara Iyer was a pupil teacher in a local high 
school, studying for h*G bachelor’s degree. 
The mother, Parvathi Ammal, was a scion of 
a Trichinopoly family of “Sastris” or Sanskrit 
Pandits ; her father, it is said, had as a youth 
walked all the way from Trichinopoly to Nadia 
in Bengal to study “Nyaya” or law and had 
returned to his native town to practise in the 
local cjurts. In this ancestry on both sides 
we can trace the origin of the vigour of mind 
and of the adventurous and independent spirit 
coupled with a love of learning which chara¬ 
cterise the subject of this biography. Soon 
after Venkata Raman was born, his father 
took his bachelor's degree in physical science 
and secured a position as a teacher in one of 
the local colleges. He was also deeply inter¬ 
ested in South Indian music and learned to 
play it on the violin. It is not surprising 
therefore that, at a very early age, Chadra- 
sekhara Iyer’s children acquired a love of 
music, and that the mind of Venkata Raman 
turned naturally to the study of science. 

Not content with a position of which the 
VOL 54, NO. 11 3 


emoluments were insufficient to meet the needs 
of his growing family, Chandrasekhara Iyer 
decided early in 1892 to quit the Tamil country 
and seek his fortunes in the land of the 
Andhras. His friend, Mr. P. T. Sreenivasa 
Iyengar, who had preceded him and held the 
position of Principal of the Hindu College at 
Vizagapatam invited him to become Lecturer 
in Physics at the same College. The offer 
was accepted and Chandrasekhara Iyer moved 
with his family to Vizagapatam after making 
what was then a long and arduous journey. 
Here, in lonely houses on the seashore at 
Waltair, Chandrasekhara Iyer and Sreenivasa 
Iyengar lived near each other and worked, and 
here Venkata Raman grew up amidst scenes 
of picturesque natural beauty and in an atmos¬ 
phere of scholarly life and endeavour. 

Sreenivasa Iyengar was a brilliant scholar 
and teacher who took the English classes at 
the College, while Chandrasekhara Iyer taught 
physics and mathematics. The environment 
was thus favourable for the speedy recognition 
of young Venkata Raman’s abilities and the 
provision of special facilities for its encourage¬ 
ment. At a very early ago he acquired a 
remarkable mastery of the 1 nglish language 
and developed an enthusiasm for scientific 
studies which was so all-absorbing as to leave 
no inclination for the study of less favoured 
subjects. While in the high school classes, 
Venkata Raman had learnt all the physics that 
could be found in such treatises as Ganot’s 
Physics, and was eager for more. The strain 
of less congenial but nevertheless compulsory 
studies, however, told on his health, and the 
foetid atmosphere of the town into which the 
family had meanwhile moved brought on 
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serious illness. The young lad survived with 
some difficulty to pass the marticulation 
examination at the age of twelve. Two years 
later he passed the First Arts Examination of 
the University, securing a high position in the 
list in spite of the fact that physics did not 
figure amongst the subjects for study. 

The scene then shifts to the Presidency 
College at Madras where the young lad 
enrolled as a University student. He soon 
attracted the attention of the professors, who 
were astonished by the maturity of knowledge 
shown by one who was scarcely old enough 
to be a student in the degree classes. A useful 
result of this impression was that the routine 
of lectures and practical classes was partly set 
aside in his favour, thus allowing more freedom 
for his chosen studies. The latter included 
especially mathematics and mechanics, thus 
laying the foundation for later excursions into 
theoretical physics. At the degree examination 
of 1904 he was the sole first class of his year 
in science and was awarded the University 
Gold Medal for physics, besides receiving the 
college prizes for English essay writing. For 
the next two years he was a student working 
for his M.A. degree, very happy at having no 
lectures to attend and free to improve his 
knowledge of mathematics, and to read such 
classics of physics as Helmholtz’s Sensations 
of Tone, Rayleigh’s Theory of Sound and 
Ewing’s Magnetic Induction in Iron and other 
Metals. To this period also belongs Venkata 
Raman’s first debut as an independent scientific 
investigator. The Philosophical Magazine of 
London for November, 1906, contains his first 
formal paper on The Unsymmetrical Diffra¬ 
ction Bands due to a Rectangular Aperture. 
In this and other work of the same period, we 
see the beginnings of his career in research and 
his deep interest in the sciences of optics and 
sound which has survived unabated till the 
present time. 

At that time the only superior service which 


was open to Indians of talent without necessi¬ 
tating a qualifying period in England was the 
Indian Finance Department. As there seemed 
to be no possibility of a scientific career, 
Raman decided to sit for the competitive 
examination for the Finance Department. 
Accordingly, he prepared for it during his 
second year M.A. course, reading books on 
literature, economics, history and other 
subjects. In the M.A. degree examination in 
January, 1907, Raman secured a first class, 
obtaining record marks in his subject. He 
next sat for the Finance Examination in 
February, 1907, and here again secured the 
first place. 

For the next ten years, Raman was an 
officer of the Indian Finance Department, 
serving successively at Calcutta, Rangoon, 
Nagpur and again at Calcutta in diverse 
capacities. He acquired very varied experience 
and knowledge of such matters as currency 
and remittance operations, salary and pension 
audit, the theory and practice of life insurance, 
the management of savings banks, the issue of 
government loans and the preparation of 
official budgets. At a very early age he was 
put in independent charge of large offices and 
found that even in his official work there was 
some scope for the exercise of initiative, origi¬ 
nality and scientific thoroughness. The unusual 
qualities of the young officer did not lack 
appreciation in the department. Indeed, on 
several occasions Raman received the thanks 
of his official superiors and of the Finance 
Member of the Government of India. He 
also received an invitation to Join the Secre¬ 
tariat of the Department, but declined the 
offer for reasons that will presently be clear. 

Though his official duties took up most 
of his time, Raman’s zeal for scientific work 
never suffered diminution or eclipse. From 
the very first he was on the look-out for 
opportunities for carrying on the experimental 
investigations begun by him at college. Soon 
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after he joined the service at Calcutta, he 
discovered the existence of the Indian Associa¬ 
tion for the Cultivation of Science in that city 
and sought an interview with the son of the 
original founder. Dr. Mahendra Lai Sircar, 
who was then secretary. To his great Joy he 
obtained permission to work in its laboratories 
in the mornings and evenings, out of office 
hours, and made the fullest use of these 
opportunities. Even when he was transferred 
out of Calcutta, first to Rangoon and then to 
Nagpur, Raman continued his investigations, 
converting part of his house into a laboratory 
and working with improvised apparatus. 
Fortunatelv he was transferred back to Calcutta 
towards the end of 1911 and thus regained the 
facilities offered by the Science Association. 
The latter remained the chief centre of his 
activities for the next twenty years. The 
steady stream of original papers coming out 
from the laboratory of the Association soon 
established Raman's reputation as an investi¬ 
gator. 

Raman’s enthusiasm for scientific work 
and his success in original research despite 
many handicaps, could not fail to attract the 
vigilant eye of the late Sir Asutosh Mookerjee, 
the then Vice-Chancellor of the Calcutta 
University. When the Palit Endowment Fund 
was created and Sir Asutosh wanted a Pro¬ 
fessor capable of organising and directing 
research to- fill the chair of Physics, he thought 
of the young finance officer and offered him 
the post. Although Raman knew that from a 
pecuniary point of view he would be a great 
loseOie did not hesitate to accept the offer. 
It may be worth while here to quote the speech 
made by Sir Asutosh Mookerjee on the 
occasion of the laying of the foundation-stone 
of the University College of Science in 
March 1914 : 

‘•For the chair of Physics created by Sir 
Taraknath Palit, we have been fortunate 
enough to secure the services of Mr, Chandra¬ 


sekhara Venkata Raman, who has greatly 
distinguished himself and acquired a European 
fame by his brilliant researches in the domain 
of Physical Sciene, assiduously carried on 
under the most adverse circumstances amidst 
the distraction of pressing official duties. I 
rejoice to think that many of these valuable 
researches have been carried on in the Labo¬ 
ratory of the Indian Association for the Culti¬ 
vation of Science, founded by our late 
illustrious colleague. Dr. Mahendra Lai Sircar, 
who devoted a lifetime to the foundation of 
an institution for the cultivation and advance¬ 
ment of science in this country. I shall fail 
in my duty if I were to restrain myself in my 
expression of the genuine admiration I feel 
for the courage and spirit of self-sacrifice with 
which Mr. Raman has decided to exchange a 
lucrative official appointment for a University 
Professorship, which, I regret to say, does 
not carry even liberal emoluments. This one 
instance encourages me to entertain the hope 
that there will be no lack of seekers after truth 
in the Temple of Knowledge which it is our 
ambition to erect.” ^ 

Raman joined the Calcutta University as 
its professor under the Palit Trust in July< 
1917. On the death of Mr. Amrita Lai Sircar 
in November, 1919, he was elected as secretary 
of the Indian Association for the Cultivation 
of Science. These two positions, one of them 
salaried and the other honorary, supplemented 
each other most usefully. The professorship 
freed him from the vexatious necessity of 
earning his living at the desk of a Government 
office. His position at the Science Association 
enabled him to carry on research in the most 
congenial surroundings undistracted by the 
routine of teaching and examinations The 
terms under which Raman held the Palit 
Chair did not require him to take part in the 
ordinary work of instruction at the University 
College of Science. Nevertheless he found it 
of advantage to undertake a fair share of 


VOL. 54, NO. 11 


5 


SUPPLEMENT 



this lecturing. The closer contact with the 
subject and with the students which lectures 
gave was found to be highly beneficial and did 
not appreciably diminish the time and energy 
available for original research. It was these 
favourable conditions of work that were largely 
responsible for the outstanding successes of 
Raman during the fifteen-year period from 
1917 to 1932. 

The personal enthusiasm for research which 
led Raman to choose a life of scientific toil in 
preference to a lucrative official career soon 
overflowed and fertilised the minds and careers 
of a host of young men who came under his 
influence at the two institutions between which 
he divided his time. A school of research in 
physics rapidly grew up at Calcutta whose 
publications attracted wide attention, bringing 
recognition and honours for Raman, and 
advancement in life for his collaborators. 
This, in turn, enabled Raman to attract a 
larger number of highly-qualified workers and 
to secure further resources for the equipment 
of his laboratory. The atmosphere of high 
scientific endeavour thus created under Raman’s 
leadership proved itself in the sequel to be 
favourable for the attainment of outstanding 
scientific success. 

No account of this period of Raman’s life 
would be complete which did not give some 
account of the great discovery made by him 
in 1928 and of how he was led up to it. The 
phenomena of light and colour had from the 
first been of the deepest interest to Raman 
and had been the subject of many researches 
by himself and his collaborators. His long 
residence at Waltair and at Madras had made 
him familiar with the varied colours of the 
sea in the vicinity of land. During his first 
brief visit to Europe in 1921, he travelled over 
the deeper areas of the Mediterranean Sea ; 
noticing with surprise the intense blue colour 
of its waters, he became deeply interested in 
the question of its origin. It suggested itself 


that the colour was incidental to the process 
of the diffusion of sunlight in its passage 
through clear water, and experimental support 
was soon forthcoming in support of this hypo¬ 
thesis. This led, naturally, into an intensive 
study of the diffusion of light in liquids and 
other transparent substances. This subject 
and various issues connected with it occupied 
the attention of Raman and his collabdfators 
continuously for several years following. 
Gradually, from these experimental studies, a 
new phenomenon emerged, namely that in the 
process of diffusion, light may also change its 
colour. This was observed as early as 1923, 
but it was not until towards the end of 1927 
that it became clear that this was a universal 
phenomenon and was entirely distinct from 
the well known effect of fluorescence exhibited 
by many chemicals. The final step was taken 
by Raman in February, 1928, when he used the 
light of the mercury lamp for these experiments, 
and found in the spectrum of the light scattered 
by various substances, new lines or bands not 
present in the incident beam of light. These 
new lines or bands are now known as the 
Raman lines or bands, and the spectrum 
containing them as the Raman spectrum of the 
substance studied. 

To quote the words of a reviewer in a 
British scientific periodical, “the discovery of 
the Raman Effect in 1928 opened a view of 
research which has almost paralleled the early 
history of work in X-rays and radio-activity.” 
Mathematicians hailed the discovery with 
delight, as they saw in it a confirmation of the 
new quantum mechanics which they had 
framed to replace the dynamics of Newton. 
Physicists and chemists also received the disco¬ 
very with enthusiasm as it provided unlimited 
opportunities for experimental research and 
opened new pathways of investigation in their 
respective sciences. In scores of physical and 
chemical laboratories all over the world, 
and indeed in every civilised country, the 
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experiments on the Raman Effect were 
repeated and applied to the solution of a variety 
of scientific problems. So great was the interest 
in the subject that it gave a new stimulus to the 
optical instrument industry; the leading 
manufacturers vied with each other in designing 
and producing spectrographs specially adapted 
for work in this field. In the ten years which 
have elapsed since the discovery, several trea¬ 
tises. dozens of monographs and over seventeen 
hundred separate original papers have been 
published upon the Raman Effect in various 
parts of the world. This stream of original 
work continues to flow unabated year after 
year. 

It is not possible in such a brief sketch to 
survey the numerous contributions to science 
which have secured for Sir C. V. Raman a 
position of acknowledged eminence in (he 
world of science. He has not followed establi¬ 
shed paths, but made his own way into many 
different fields of resep'-ch, and opened new 
roads of advance. The outstanding qualities 
of his work have been originality and versatility. 
He has been a theorist as well as an 
experimenter. 

The research papers published in the last 
twenty years by Sir C. V. Raman and the colla¬ 
borators in his laboratory during the period of 
his professorship include over 600 titles, and 
the topics with which they deal indicate an 
astonishing catholicity of scientific interests. 
The investigations concern themselves with 
subjects so diverse as the dynamics of vibra¬ 
tions and sound, the theory of musical instru¬ 
ments, special diffraction problems meteorolo¬ 
gical and colloid optics, X ray diffraction in 
liquids and solids, magnetism and magne-crys- 
tallic action, electro-and magneto-optics, dielec¬ 
tric behaviour and ultra-sonics. In all of these 
subjects, the researches of his school have nota¬ 
bly influenced current progress. It is not feasi¬ 
ble within any reasonable limits of space to 
review them even in broad outline. 


The majority of investigators are individua¬ 
lists by nature, but a few are born leaders. 
Sir C. V. Raman belongs to the latter category. 
Impressive though his own personal contribu¬ 
tions to science have been, his greater achieve¬ 
ment is the work he has done in inspiring a 
whole group of investigators and creating a 
distinctive school of research in India. During 
the past twenty years, well over a hundred 
young men have been personally initiated into 
research by him These young men have been 
drawn to his laboratories from all parts of India, 
and they have been encouraged to engage in 
independent research and to put forth their own 
individual efforts with just the right kind of 
stimulus and assistance from their teacher. 
This policy has proved remarkably successful 
in bringing out their highest qualities and 
securing for them academic distinctions. They 
occupy high positions everywhere in India on 
the teaching staff of the universities and colleges, 
and in the scientific services of the Government, 
and they have easily held their own in compa¬ 
rison with the products of foreign research 
schools. Much valuable scientifle work is being 
done in India to-day by Raman’s former 
students not only in pure physics, but also in 
its applications such as meteorology, seismology 
and soil physics 

One of the ambitions of Sir Venkata Raman 
has been to secure a prominent place for India 
on the scientific map of the world. As a step 
forward he realised that opportunities should 
be created in the country which would provide 
competent investigators, trained in India or 
elsewhere, with scientific careers, for the further¬ 
ance of their researches. Accordingly, it has 
been his ceaseless endeavour to create indepen¬ 
dent schools of research all over the country, 
to stimulate interest for research of a high 
standard in the universities and the scientific 
institutions and to staff them with men of 
proved ability in research. The Indian Asso¬ 
ciation for the Cultivation of Science owes 
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to his administration the permanently- 
endowed professorship of physics—now held 
by one of his most distinguished pupils—a well- 
equipped research laboratory, a fine library, and 
a substantial annual grant from the Government 
of India which enables its work to be carried 
on. At the University College of Science, 
Calcutta, he has left a staff largely composed 
of his former pupils and collaborators, a finely- 
equipped department of physics, and a great 
tradition for his chair to be maintained by his 
successors He has taken a very special interest 
in the welfare of the Andhra University and 
played an active part in the development of the 
University College of Science and Technology 
at Waltair. In his present sphere of activities 
at Bangalore, Sir C. V. Raman has been able, 
in a short time and at a minimum of expense, to 
build up a research centre in physics which has 
already to its credit a notable record of 
scientific achievement. 

With the rapid increase in the volume of 
research work in fundamental sciences in India, 
the need for a periodical was keenly felt and 
was partially met by the issues of Bulletines 
and later of The Proceedings of the Indian 
Association for the Cultivation of Science 
by Sir C. V. Raman. From 1926 onwards, 
this periodical was issued under the name of 
The Indian Journal of Physics and contained 
the greater part of the research work of Indian 
physicists. On his removing from Calcutta to 
Bangalore in 1933, Professor Raman found it 
difficult to edit the Journal and to personally 
supervise the publications from at a distance, 
and he was therefore obliged to transfer its 
control to the men on the spot. At the same 
time, the creation of an active centre of research 
under his direction at Bangalore, and the 
increased productivity in research in many of 
the younger universities in India, prompted 
him to start the Indian Academy of Sciences in 
1934. Under his fostering care the Indian 
Academy has, during the past four years, 
published its proceedings promptly and the end 


of every month, and has provided a medium 
in which a considerable volume of the scientific 
work done in India to-day is being regularly 
published. 

The world has not been slow to recognise 
the importance of the achievement of Sir C. V. 
Raman as an investigator and a leader of scien¬ 
tific research. Scarcely had he completed six 
years as a professor of physics when the Royal 
Society of London elected him as its fellow in 
1924. He was knighted by the British 
Government in 1929. He was the recipient of 
the Matteucci Medal of the Italian Society of 
Sciences in 1928, of the Hughes Medal of the 
Royal Society in 1930, and in the same year he 
was awarded the Nobel Prize for Physics, He 
has received honoris causa the D.Sc degree of 
the Paris University, the LL.D, degree of 
Glasgow and the Ph D. degree from Freiburg. 
The Universities of Calcutta, Bombay, Madras, 
Benares and Dacca in India have also conferred 
honorary doctorates on him. He is an honorary 
fellow or member of various learned societies, 
including especially the Royal Philosophi¬ 
cal Society of Glasgow, the Zurich Physical 
Society, the Royal Irish Academy, the Deutsche 
Akademie of Munich and the Hungarian 
Academy of Sciences. He is also an honorary 
member of the Indian Mathematical and 
Chemical Societies and of the Indian Science 
Congress. 

A remarkable fact about the life of Sir 
C. V. Raman is that he started his career as an 
investigator without any external stimulus and 
attained eminence as a scientist by his own 
individual effort, sustained by the work of his 
devoted pupils. The fact that he had no train¬ 
ing in foreign laboratories endowed him with a 
power born from within and an originality in 
moulding the career of young men. In later 
years his ripe experience as a scientific leader 
was enriched by his frequent travels outside 
India, which have afforded him opportunities 
of visiting the leading research laboratories and 
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of cultivating personal relations with the leaders 
of Europe and America. His hrst visit to 
Europe was in the- summer months of 1921, 
when he attended the Congress of the Univer¬ 
sities of the British Empire held at Oxford. 
In 1924 he was invited to open a discussion on 
the Scattering of Light at the Toronto meeting of 
the British Association and of the International 
Congress of Mathematicians. Following this 
meeting, Raman visited the United States to 
represent India at the Centenary of the Franklin 
Institute at Philadelphia. At the invitation of 
R. A. Millikan, he spent four months at 
Pasadena as a Visiting Professor at the Cali¬ 
fornia Institute of Technology before returning 
to India early in 1925.' In the autumn of 1925 
Raman again visited Europe, as the guest of 
the Russian Academy of Sciences, to represent 
India at the Bicentenary celebrations of the 
Academy in Leningrad and Moscow. In 1929 
Raman was invited by the Faraday Society to 


open a discussion on molecular spectra at 
Bristol, and took the opportunity of visiting 
and lecturing at many centres of learning in 
Europe. He subsequently visited Europe in 
the winter of 1930 to receive the Nobel Prize 
at Stockholm ; in 1932 to receive the honorary 
Doctorate at Paris; and in 1937, as an invitee 
to take part in the International Congress of 
Physics at Paris and Bologna 

The life of Sir C. V. Raman has been one of 
unswerving devotion to the pursuit of know- 
fedge and of unceasing service to the cause of 
science and the promotion of research in India. 
The award of the Nobel Prize represents the 
considered judgment of the scientific world on 
the fundamental character and enduring impor¬ 
tance of Professor Raman’s contribution to 
science. It places his name in a select list of 
famous men, the record of whose discoveries 
is also the history of modern science. □ 

Reprinted from “Great Men of India” 


RAMAN AS AN EXPERIMENTAL PHYSICIST 

D. M. BOSE 


jQURING his stay in Calcutta Raman made 
his two major discoveries of light scatter¬ 
ing in transparent liquids and solids, super¬ 
posed . on which a new type of modified 
scattering was observed not due to fiourescence 
of any minute impurities present. 

The experimental technique employed for 
such observation consisted of (i) source of 
radiation—sun light with complementary filters, 
and later quartz mercury arc lamps, (ii) the 
scattered radiation could be observed visually 
or more comfortably with a spectrograph using 
photographic plates sensitive to the visible and 
the ultra violet regions. 


The modified radiation studied by Raman 
and others who followed him gave information 
on the rotation and vibration spectra of liquids 
and solids occurring in regions which could 
be visually observed or more comfortably with 
spectrographs sensitive to the visible and the 
ultra violet regions. 

As a consequence the Raman effect was 
quickly employed by physical chemists to 
explore the vibration and rotation spectra of 
molecules and thereby their structure. In fact 
so popular was the technique that within a 
few years the number of papers published in 
this field swelled over a thousand ; in the' 
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physicist community interest decayed rapidly 
once the basic nature of the effect was deli¬ 
neated, and barely half a dozen groups 
scattered over the world continued to study 
and employ the Raman effect for problems 
in physics. 

The situation changed dramatically follow¬ 
ing the invention of the laser. G. Venkata- 
raman has described the advantages of 
employing a wide choice of near monochro¬ 
matic laser radiation available in the visible 
region ; their extreme monochromaticity, high 
directivity gave additional advantages. In 
addition there had been improvements in the 
photoelectric detection and recording of light 
signals. The hitherto dormant interests of 
the physicists were aroused and a great spurt 
of activity followed. 

A new region of investigation of the second 
Raman effect in transparent solids, in semi¬ 
conductors etc. opened out for investigation— 
it is not within the competence of this writer 
to deal with this development. 

The Raman Research Institute began 
functioning in 1949. About a decade later 
the use of gas laser for discovery of the second 
Raman effect phenomena was in full swing. 
A. Jayaraman who was as.sociated with the 
Raman Research Institute during the period 
1949-60 has given an interesting account of 
the equipment with which Raman with his 
team worked. “During my stay I had the 
privilege of assisting him in many of the optical 
and X-ray studies on gemstones. He had a 
fascination for opals, labradorite and moon¬ 
stones. 

“He often worked with very simple equip¬ 
ments. For instance, when he needed a 
powerful beam of light he always turned to the 
sun. It took a a year-and-a-half after I joined 
to bring electricity to the Institute. This did 
not deter Professor Raman from doing 
research. A pair of polaroids, a heliostat to 


reflect the sunlight, a pocket spectroscope, an 
optical cell and a darkened room, were all 
that he needed to start a study of even the 
most complex optical phenomena”. 

During the period 1928-48 Raman had not 
seriously thought of improving either the 
technique of light production or of detection, 
for investigation of his new effect. He' appa¬ 
rently believed that his original equipment 
sufficed to provide data out of which a first 
class investigator could deduce all that could 
be discovered in this region of Raman effect. 

Here one may discern a certain rigidity in 
Raman’s way of thinking which hampered his 
following up of the implications of his new 
discovery. 

To elucidate my criticism, I cite the 
instance of Lord Rutherford, a contemporary 
of Raman and one of the greatest of experi¬ 
mental physicists. 

One of Rutherford’s most important con¬ 
tributions has been the study of the impact of 
high energy positively charged particles on 
matter and the observation of scattering and 
nuclear disintegration resulting from such 
impact 

His investigations could be divided into 
two periods. The first period which lasted 
upto 1917, was based upon isolation of charged 
particles from radium and other radioactive 
substances and using monochromatic charged 
particles mainly from RaC to study their 
passage through gases and thin foils of metals 
and studying their scattering. 

Rutherford showed that «c particles are 
doubly charged helium nuclei, whose mass and 
velocity could be experimentally determined. 
Most of the important results were obtained 
by Rutherford using very elementary gadgets. 
The K particles were counted by the scintillation 
they made on zinc sulphide screens. They 
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were visually counted by an observer with a 
low power microscope. 

From large angled scattering of the parti¬ 
cles in absorbing foils Rutherford made the 
important deduction, that the positive charge 
in an atom was concentrated in a small sphere 
of radius cm. From which the con¬ 

clusion followed that to break up a nucleus, 
the impinging positively charged particles must 
have a kinetic energy sufficient to overcome 
the repulsive force at the nuclear surface. 

Based on this, Bohr’s atomic model 
conceived the atom to be a planetary system 
with a concentrated positive charge at the 
centre, round which an equal number of 
electrons moved in stationary orbits, with their 
angular momenta multiples of Planck’s 
quantum of action ‘A’. This formed the basis 
of Bohr-Sommerfeld’s classical quantum theory 
of hydrogen like atoms. 

Rutherford in 1917 was able to disintegrate 
the nitrogen nucleus by bombarding the gas 
with fast <<.-particles. These results were based 
mainly on Rutherford’s own observations using 
the simplest of instruments. 

The second part of his investigations on 
the energy of disintegration of light atoms 


were carried out in the Cavendish Laboratory 
which Rutherford joined after the first World 
War. 

He provided facilities to Cockcroft and 
Walton to build up a steady high voltage 
source using a voltage doubling circuit designed 
by Greinacher. 

At the same time fast counting of ionizing 
radiation using valve tube arrangement was 
also introduced. Cockcroft and Walton built 
up a generator whose voltage could be varied 
stepwise upto 600 kv. On radiating some 
light atom targets, they observed that secon¬ 
dary particles were observed on a scintillating 
screen at voltages much lower than that 
required to penetrate the nuclear core on 
Rutherford’s model of the nucleus. There 
were nuclear particles from the disintegrated 
nuclei. About that time Condon and Gamow 
had shown that such a result could be accoun¬ 
ted for according to the new quantum wave 
mechanism. 

These investigations at tHe Cavendish 
Laboratory under Rutherford’s directorship 
would correspond to the discovery of second 
Raman effect by the application of gas laser. □ 

Reprinted from ‘Science & Culture,’ May, 1971 
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TRIBUTES TO SIR C. V. RAMAN* 


Prof. S. D. Chatterjee 

Former Professor & Head of the Deptt. of 
Physics, Jadavpur University 

meet on a solemn occasion, we have 
assembled here to celebrate the diamond 
jubilee of the discovery of the Raman effect. 
It was on 28th February 1928, when we were 
students of Presidency College and living in 
Hindu Hostel we learnt that Prof. Raman had 
delivered a lecture in Madras about some kind 
of new radiation and the next day it was 
published by the Associated Press that he had 
discovered new lines of scattering. We, from 
Hindu Hostel, some of our own students were 
very interested and we went to 210 Bowbazar 
Street and Asutosh De, an assistant of Prof. 
Raman, who never entered into the portels of 
the university, showed us the Raman effect. 
It was just like this : he had a Hg lamp, it was 
focussed and a filter was put so that the 
ultra violet line 4390 passed through and at 
right angles in the invening place there was a 
flask full of toulene. He put another filter so 
that to extinguish 4390 and the green light 
flashed so we were told that this was Raman 
effect. 

Prof. Raman, as a matter of feet, when he 
was persuaded to go to England in 1921 
(normally it was the duty of the Palit Professor 
to have a foreign training but Prof. Raman 
refused to go and so Sir Asutosh Mookerjee 
had to modify the constitution) to attend an 
university’s conference and there while crossing 
the Mediterranean he found that the sea was 
very blue and he thought that this cannot be 
explained by Raleigh scattering. Raleigh said 
that it was due to the reflection of the sky 


but Raman thought that it cannot be because 
it was very blue so when he was coming back 
he took Nicol’s prisms, polarise and analyser, 
and at a particular angle the light should be 
quenched, he found that it was not quenched 
and he came back and he started his work on 
scattering. 

His first research worker was K. G. Ramana- 
than from Madras University, he was his 
first scholar. He later on became the director 
general of meteorology. Mr. K. G. Ramana- 
than, had a big chamber—I saw that also, 
covered on all sides with a hole on one side 
and sun light was focussed through the hole. 
And it fill on a piece of glass bulb in which 
ethyle alcohol, methyl alcohol and water were 
placed. And at right angles he saw with 
another filter that a weak ray was coming. 
But with different wave length. But he 
thought it was because of fluorescence. That 
was in 1922 and K. G. Ramanathan got his 
doctorate on that work in a record time of 
one year. After that Raman purused his 
research. 

Inspite of several purifications they could 
not get rid of the weak fluorescence. When 
Asutosh Dey showed us the lines the picture 
was taken by K. S. Krishnan. In the picture, 
in addition to the line there was a band and 
some fine lines also. So when Raman came 
and saw that, he said that it was a chance of 
a life time. He asked the glass blower to buy 
all the chemicals that were available in the 
market. He used to live in a lane just beside 
the Science College—Harkata gali, we used 
to go there also. Sir C. V. Raman brought a 
khatia and spent several nights at the associa* 
tion. He irradiated several samples and got 
the band and the fine lines. He anticipated 
the Nobel Prize for this work. 


•At the Momorial Meeting held on 1 November, 1988 organised by Calcutta University. 
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Before the Nobel Prize award was given 
to him he got a ticket for himself and his 
wife, two months in advance. He went to 
Stockholm to receive the award. When he 
came back, at a party in the mathematics 
department, Raman was like a boisterous child, 
he said that in 1924, when he got the fellowship 
of the Royal Society Sir Asutosh Mookerjee 
hosted a dinner for him and he had asked why 
a dinner for the fellowship of the Royal Society; 
if he waits for six years more and he (Raman) 
would get the Nobel Prize and in fact, he got 
it. Then he said, he, a non-aryan could get the 
Nobel Prize, how much you aryans could get. 
He got the Nobel prize in 1930. 

In 1929 he was the President of the Indian 
Science Congress held at Calcutta and a tour 
was arranged to go to Santiniketan and our 
. guide was Prof. P. C. Mahalanobis. Raman 
was accompanied by his wife Lokasundari 
Ammal. He walked very fast and then he 
looked behind for his wife and marked time to 
go together. In Rabindranath’s room there 
was musical soiree and dance. Rabindranath 
Tagore asked Raman, you had been in Bengal 
so long, you speak to me in Bengali. Raman 
could not speak and his wife spoke fluent 
Bengali. Raman was my examiner in B.Sc. 
(honours) practical examinations held at the 
University College of Science and also he was 
my examiner of the M.Sc. thesis. 

Raman is to believe something in astrology 
and an astrologer once said to him that number 
seven was his lucky number. He was born on 
November 7, 1888 and 1907 he passed the 
M.Sc. examination 1st class first with record 
marks ; 1907 he passed the finance examination 
in Calcutta; 1907 he joined the service, and 
in the same year he was passing through 
Bowbazar and when he saw the lACS 
210 (that is also a multiple of 7) Bow Bazar 
Street and then he became the Palit Professor 
in 1917 and left Calcutta in 1933 and went to 


Bangalore. I saw him at Bangalore also. He 
was riding a bicycle and his wife, with a glass 
of milk, was running after him. He complaU 
ned that there was too much of noise in the 
house. Why is the boy (his son) shouting ? 
“He is shouting for fees. He is appearing for 
the B.Sc. examination”, told his wife. “What ? 
Has he passed his matriculation examination ?” 
was Ramman’s exclamation. 

Raman continued that work and he always 
worked with simple materials. Even the light 
of the night sky he studied with Nicol’s prism 
and last of all he worked on the physiology of 
vision and he thought that it is enough to get 
a second Nobel prize. But it was not published 
by the Royal Society of London so he resigned 
his fellowship of the Royal Society. But the 
resignation was not accepted. Raman at the 
age of 82 breathed his last, in 1970 on 21st 
November, all multiple of seven. What the 
astrologers had said was true. I had the good 
fortune of coming in close contact with Prof. 
Raman when he get the Nobel Prize I sent him 
a congratulation letter as a 5th year student.. 
His response was immediate. Raman’s letter^ 
“My dear Chatterjee kindly accept my heartful 
thanks for your congratulation. Yours 
sincerely C. V. Raman, 210 B. B. Street”. 
Thank you. 

Prof. N. N. Dasgupta 

Former Palit Professor of Physics, Calcutta 
University 

J was a M.Sc. student of Prof. Raman and later 
on I had the privilege of working in the 
Indian Association for the Cultivation of 
Science (lACS). Today I am glad to have this 
opportunity of speaking to you about some of 
my reminiscences about him, about my profe¬ 
ssor and a great scientist. I was a student in 
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the M.Sc. Physics Dept, of Calcutta University 
during the year 1930 and 31 when Prof. Raman 
received the highest honour, a scientist could 
aspire. 

Prof. Raman used to take our classes in 
modern physics in those days. He had a very 
impressive appearance. With a turban over his 
head, a prominent tilak on his forehead and 
two very bright intelligent eyes. He had 
phenomenal memary and did not require any 
notes during his one hour lecture. He was 
always deeply absorbed in what he talked and 
talked in such a lively manner that we all 
listened with great attention. And when the 
class ended we always wished that it had 
continued a bit longer. Sometime he used to 
take extra care for his students. Once I 
remembered he borrowed a large diamond 
from the Maharajah of Burdwan & demonstra¬ 
ted it in the class to explain some point in light 
scattering. On another occasion he asked us 
to assemble in lACS laboratory in the evening 
where he would demonstrate some experiments 
set up by him. The announcement of the award 
of Nobel Prize for Raman appeared in Calcutta 
Press sometimes towards the end of 1930. As 
students of the Physics Department naturally 
we were all very proud and jubilant and 
expected that there would be no class in his 
honour but our professor appeared as usual 
at the right time next day and took his 
classes, still enough to be least perturbed and 
hardly said a word about this wonderful 
event. 

In the M. Sc. examination in physics I 
stood first and requested him to allow me to 
do research under him in the lACS. In his 
characteristic manner he said the results were 
not at all good but I must first prove that 
I had real love for physics. “Please bring to 
me the M. Sc. text books that you have 
purchased and read during the last two years.” 
When I showed him these, he went through 


them very carefully looking at the portions 
that I had marked important. Half an hour’s 
scrutiny he seemed to have satisfied. And he 
said I might join lACS as a research worker 
under him but there would be no scholarship 
that he could offer me. So I started work as 
a honorary research worker in the lACS. My 
professor was as careful in the selection of 
his research students as he was in writing his 
papers in physics. 

Prof. Raman used to spend the whole day 
in the lACS laboratory. He came right after 
breakfast and when we came at 10 in the 
morning he was already discussing some 
experiments which had been done or plans 
for the new experiment. When we were 
leaving at 7 O’clock-8 O’clock in the evening 
he was deeply studying in his own room. One 
day I was bold enough to ask him—‘ Professor, 
you are spending the whole day in the Institute 
reading texts and journals of physics. Don’t 
you ever take any time to read any novel or 
literature ?” Quick came the reply ; “the 
only novel that I ever read is Round the World 
in Ninety days by Julc Verne and that was 
when I was a student”. In later life I often 
thought about these words of my professor 
and what a man he was. Physics was his life 
star. His whole mind and thoughts were 
constantly focussed on physics and physics 
alone. He had no time or desire for anything 
else in life. I will also never forget what he 
said on another occasion. The time was when 
Raman had just returned from Sweden after 
receiving the Nobel prize award. Speaking 
about his experiences in Sweden there in a 
brilliantly illuminated Hall, the band was 
playing in honour of 5 Nobel laureates assem¬ 
bled from different parts of the world. And 
they were being greeted by the king and queen 
of Sweden. The contrast with this treatment 
and the one he used to get from the foreign 
rulars of our country was so great that he 
could not control himself, tears came to his 
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eyes. After a few minutes he was sobre again 
and the following sobring thought occurred to 
him—Sweden awards five Nobel prizes every 
year, and the Indian population is nearly l/6th of 
the total world population. When in original 
thought and original discoveries we could 
become equal to the people of the world, at 
least one Nobel prize should come to us every 
two years. This was his sobring thought and 
this was the standard of excellance visualised by 
my professor sixty years ago, for the scientists 
of future India. However, during the last sixty 
years the constraint of foreign rule has eone, 
the number of universities. Ill’s, national 
laboratories and Institutes of excellence have 
increased. Grants for educational research 
have gone up enormously. But we have not 
yet been able to reach the standard of 
excellence visualised by Prof. Raman sixty 
years ago. We have not been able to produce 
another Raman in our country. 


Prof. A. D. Buckingham 

Professor, Oxford University in delivering 
his lecture on Raman scattering and Molecular 
polarizability paid tribute to Prof. Raman 

J have the privilege and pleasure to parti¬ 
cipate in the celebrations in Calcutta 
firstly here in the University and later in the 
week at the Indian Association for the Culti¬ 
vation of Science (lACS). Raman was, as 
you heard one of the great scientist of the 
world. He has taught us important lessons of 
science. His appreciation of the simple 
experiments, his eagerness to learn and to 
dispel a shortage of understanding. I think 
that is the key feature of a great scientist. 
One has to be curious, and has to want to 
learn and understand nature and one’s dissatis¬ 
faction at the understanding, discoveries may 
be made. 


The Raman efifect, as you know, discovered 
in 1928, here in Calcutta and at that time 
there was feverish activity in physics. The 
quantum theory, the quantum mechanics 
essentially in the form that we know it was 
formulated a few years before in 1926 and we 
had in that same year Krammer - Heisenburg 
formula for dispersion so the interaction of 
radiation with matter was already understood 
to some extent through that formula. Of- 
course the work of Raleigh in the last century, 
had paved the way for the investigation of 
elastic light scattering. So the classical theory 
of light scattering had been well established 
through the work of Raleigh following 
Maxwel’s great theory of electromagnetic 
radiation. But to the Raman effect it was 
essential that we had quantum description of 
matter in order that we could interpret the 
inelastic scattering that is the basis of Raman 
effect. And that was formulated in Cambridge 
by Paul Dirac in 1928 only after the discovery 
of Raman effect. 

For those who are not fapiiliar with the 
Raman effect let me first tell you what it 
is ; we have an incident light beam, it is 
polarized in a direction so the electric ractor 

is in this case verticle ; polarised beam 
of light falls on a sample to be investigated 
and we detect the scattered radiation usually 
at right angles to the propagation. We have 
a monochromatcr here and a detector. In the 
earlier days, the detector would have been 
the photographic plate which has some advan¬ 
tage ; it is not a very linear detector, it is not 
so good for measuring intensities. Now-a- 
days we would normally use photo-electric 
recording and in a sense we buy an instrument 
which contain this detection system as well. 
In those days Raman scattering was very weak, 
it IS still very weak, it is not stronger now 
and although there is feverish activity for a 
few years following Raman’s great discovery,’ 
the study of the Raman Effect settled down to 


VOL. 54, NO. 11 


15 


SUPPLEMENT 



a steady state which was only of moderate 
intensity and the reason for that was the 
relative weakness of the effect compared to, 
for example, infra-red absorption. IR absor¬ 
ption provided a much more sensitive method 
of detecting vibration & rotation of molecules. 
So Raman scattering was an important techni¬ 
que that really took on a new lease of life with 
the discovery of the lasers in about 1960, so 
we have a much improved light source. 
Instead of having a Hg arc or even a sun, one 
has a highly monochromatic polarised and 
parallel beam of radiation. It was the perfect 
source for Raman scattering experiments. 
Coupled with that advance is the development 
of improved detector. So that we now have all 
the advantages of modern electric gadgetry 
to enable us to detect and process the 
scattered light. So we don’t only observe the 
frequencies and intensities we can also observe 


time delays, we can have post light source, 
we can turn it off and we can study the motions 
of scattering molecules by highly resolved 
Raman scattering. Thus we now have extre¬ 
mely versatile and powerful means of probing 
a vibration and rotation of matter and indeed 
the electronic structure of matter. Now in 
my talk I am going to concentrate on the 
theory of Raman scattering, which is my speci¬ 
ality, although I am also actively involved in 
some simple experiments. I think Raman 
to appreciate simple experiments and I under¬ 
stand that he was not at all happy when an 
explanation of great complexity was presented 
for a physical phenomenon. He became 
impatient with that and always saw a simple 
clear explanation to which great scientists are 
noted. Complete understanding generally leads 
to simplicity. □ 


PROFESSOR RAMAN 
The First Palit Professor of Physics 

KEDARESWAR BANERJEE 


'pHE Scientists of the world are mourning the 
^ demise of Professor C. V. Raman on Novem¬ 
ber 21, 1970 at the age of 82. 

The Physics Department of the Calcutta 
University more than half a century ago was 
extremely lucky in having the greatest scientist 
of India and one of the top scientists of the 
world as its first professor, the brightest period 
of whose scientific contributions was the tenure 
of his Palit Professorship here. As I had the 
great fortune of being associated with him during 
a considerable, part of this period I shall 
concentrate here mainly on the Calcutta chapter 
of his life. 

The earliest opportunity of my meeting his 


was in the M. Sc. class of the Calcutta University 
Science College. Before that, when I was a 
student of the B. Sc. class at the Dacca College, 
reputation about his researches inspired me 
and I decided to go to Calcutta to study under 
him. I had to make this choice against the 
advices of my friends and relatives as just after 
my B. Sc. examination in 1921, the Dacca 
University was inaugurated with all the future 
prospects expected of a new University, I 
became convinced later that the choice was 
correct. His class lectures were wonderful 
experience for us. The enthusiasm with which 
he clarified the intricacies of Physics created 
in us an intense interest in the subject. I have 
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never seen any other teacher to be so deeply 
absorbed in his subject during the lectures like 
him, he would forget every thing else in the 
world. We all became extremely enamoured 
of his lectures. 

After the M. Sc. examination was over and 
the results were expected to be out. I went to 
meet him at the Indian Asssociation for the 
Cultivation of Science (popularly known as 
“Science Association”). He was very glad and 
informed me that 1 secured a first class and 
asked me if I was interested in accepting a Palit 
Research Scholarship. I was overjoyed at the 
offer and immediately accepted it and had 
thus the realisation of my aspiration of working 
under him 

Prof. Raman was born on November 7, 
1888 at Trichinopally. He stood first at the 
Entrance Examination and studied at the Hindu 
College and then at the Presidency College. 
He stood first in B. A. Physics Honours in 1904 
and started research work after that. The first 
paper published by him was in the Philosophical 
Magazine in 1906. He was awarded the M. A. 
degree in due time but could not secure any 
teaching position where he could also carry on 
his research. So he appeared at the Indian 
Finance Service examination and stood first. 
He was posted in Calcutta in 1907. But all the 
time, he was having a burning desire for carry¬ 
ing on Scientific research. He published two 
more papers, one in Philosophical Magazine 
and another in Nature by this time. 

Opportunity for carrying on scientific research 
came to him in an unexpected way. For going 
to office and coming back he had to pass 
through Bowbazar Street where he saw the sign¬ 
board of a house as “Indian Association for 
the Cultivation of Science”. This interested 
him very much and one. day he entered and 
met the Honorary Secretary Dr. Amritalal 
Sircar, whom he asked about the activities of 
the organisation and its objective. Dr. Sircar 


explained to him that this institution was 
founded by his father Dr. Mahendra Lal Sircar 
in 1876 by his immense efforts for dissemina¬ 
ting scientific knowledge among the people 
and for scientific research to be carried 
on by Indians. Raman gave out to him 
his background and asked whether he may 
be permitted to carry on scientific research 
works outside his office hours. Dr. Sircar 
replied that he was very happy to permit Raman 
to carry on research work there but at the same 
time mentioned that the Association was too 
much financially handicapped to purchase 
sufficient scientific equipments. But that did 
not discourage Raman who said that he would 
carry on research with whatever apparatus was 
available, , , 

The founder of the Association was man 
of colossal activity and whose thinking was 
much ahead of his time. With great energy he 
built up this Institution. As the time was not 
ripe for scientific research in India, he concen¬ 
trated his activities to popularise science through 
lectures by himself and by other best talents 
available. Scientific research, hoWver, began 
at the Association with the start of the present 
century in a.modest way mainly in Chemistry. 
In this atmosphere Raman started his research 
activities on Acoustics. Dr. Sircar put all the 
resources of the. Association at the disposal of 
Raman,and arranged to keep the Association 
open from early morning till late at night, So 
it was possible Rainan to work on holidays and 
on other days for some hours in the morning 
before going to office and some hours in the 
evening after returning from office. 

Unfortunately soon there was a break in his 
research activities due to his being transferred 
to Rangoon by the government. He. however, 
was successful in coming back to Calcutta 
again without too long a gap and continued 
his work at the Association. After carrying out 
his studies at the Finance Department it was • 
with great difficulty that he could find time for 
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his researches. In order to get as much time 
for his research as possible he lived in a house 
just behind the Association although it was in a 
very uncongenial area. In this way he managed 
to publish a number of original papers in foreign 
scientific journals. 

At this time Sir Asutosh Mookerjee the 
great Vice-Chancellor of the Calcutta Univer¬ 
sity established the University College of 
Science in 1915 in order to raise the standard 
of scientific education and to create greater 
facilities for scientific research. For this pur¬ 
pose he founded professorship by obtaining 
donations from charitable persons. The first 
donations were from Sir Tarak Nath Palit for 
two professorships namely for Chemistry and 
Physics. For the Physics Professorship Sir 
Asutosh Mookerjee invited C. V. Raman who 
accepted it readily as he was very eager to have 
such an opportunity of whole time devotion to 
teaching and research. He resigned from the 
more lucrative government post and joined as 
the first Palit Professor of Physics in 1917. 
This was a memorable event in the development 
of Physical research in India 

Even after joining as the Palit Professor of 
Physics his major activity continued at the 
Science Association so that the facilities of both 
the Institutions were at his disposal. He 
carried out in the beginning various investiga¬ 
tion in acoustics including a wide range of 
stringed instruments such as violin, veena and 
other types of plucked, bowed and struck 
strings. The results were published in foreign 
journals such as Philosophical Magazine and 
Nature and also in the publication of the 
Science Association. His reputation spread 
far and wide, many research workers, teachers 
of the Calcutta University and other colleges 
were attracted to work here. Gradually 
scientists with urge for research began to come 
here from various parts of India mostly during 
vacations, but some as wholetime research 
workers. 


After the death of Dr. Amrita Lai Sircar in 
1919, Professor Raman was elected the Secre¬ 
tary of the Association. Although the admi¬ 
nistrative responsibility took some of his time, 
his research activities were no allowed to suffer. 
Sir Asutosh Mookerjee permitted him to use in 
the Association the research equipments pur¬ 
chased by the University for his research work 
as Palit Professor. This enabled him to widen 
the field of his activities, particularly to optics 
immediately. During this period up to the 
early twenties particular mention may be made 
of his collaborators Dr. S. K. Banerjce, 
Dr. N. K. Sethi, Ur. B. N. Banerji, Prof. P. N. 
Ghosh. Prof. S. K. Mitra, Dr. K. S Rao, Prof. 
B. B. Ray, among others who rose to eminence 
in their fields of research. I would like to 
mention here particularly the name of Asutosh 
Dey the then Assistant Secretary, Science 
Association who was Prof. Raman’s constant 
helper in his research activities. Ashu Babu had 
no college education but had wonderful 
aptitude for carrying out experimental work. 
His resourcefulness for finding simple subs¬ 
titutes for costly sophisticated apparatus was 
remarkable In one of the published papers 
of Prof, Raman he was the co-author. 

Science Association thus became a very 
active centre of scientific research. In optics 
his attention began to be more and more 
concentrated on scattering of light by solid, 
liquid and gaseous matters. He and his co¬ 
workers discovered many facts of fundamental 
importance in the line, particularly about 
molecular structure from measurement of 
polarisation of scattered light. Names of Drs. 

K. R. Ramanathan, K. S. Krishnan, I. Rama- 
krishna Rao and N. K. Sur may be particularly 
mentioned among his associates in this parti¬ 
cular field. His fame for these investigation 
spread far and wide and he was elected Fellow 
of the Royal Society of London in 1924 The 
Government of India started in 19?6 to give an 
annual donation of Rs. 10,000/- which was 


SUPPLEMENT 


18 


SCIENCE AND CULTURE, NOVEMBER, 1988 



increased to Rs. 20,000/- per annum in 1927. 
The Association attracted larger and larger 
number of research workers from all over India 
and it became the topmost centre of physical 
research in India and at par with the best 
centres of the world. 

While working on scattering of light by 
liquids he and Dr. Ramanathan observed by 
the help of balanced fitters that the scattered 
light unexpectedly contain a small fraction of 
light of different wavelength. Naturally they 
thought that the liquid contains some fluores¬ 
cent impurity which is responsible lor this 
modilied wave-length. But repeated attempts 
at purification of the liquid was of no effeci. 
The discovery of compton effect attracted Prof. 
Raman’s attention about this time. He set 
upon to sec whether there is any change of 
wavelength in light scattering as well. His 
uncommon power of eyesight helped him in 
observing the feeble change of colour of the 
scattered light. But to measure the actual 
change of wavelength it was necessary to study 
its spectrum. The only spectrograph that was 
available at the Association was a small one— 
“Baby Spectrograph”. With the help of this 
small thing he made the very great discovery 
that a part of the scattered light was is wave¬ 
length changed. This result when published 
became internationally known as Raman Effect 
as the change of wave-length was found by 
Prof. Raman to be of a type very differeui from 
Compton effect. Dr K. S. Krishnan collabora¬ 
ted with him in ihis work and on their detailed 
investigation it was found that of the light 
quanta incident on the molecules some would 
excite them to higher energy level by losing a 
part of the quantum of energy and thereby 
changing the wave-length. Ihe discovery 
opened up great fields of research in Physics 
and Chemistry as by its help molecular energy 
levels of chemical substances could be comple¬ 
tely determined. Thus it became a powerful 
tool in determining molecular structures. 


Presently the Association became a very active 
centre for studying Raman Effect in its various 
aspects in solids, liquids and gases. His fame 
spread over the whole scientific world and he 
was awarded the Nobel Prize in Physics for 
1930. Among his co-workers who carried out 
researches in the various aspects of Raman 
Effect in addition to Dr. K. S. Krishnan, the 
names of Dr. S. C. Sirkar, Dr. S. Venateswaran, 
Dr. L. A. Ramdas, Dr. S. Bhagavantam, Dr. 
A. S. Ganesan, Mr. A. Karl and Dr. P. 
Krishnamurthi are to be specially mentioned. 
A very large number of other Physical and 
Chemical Research Institutes all over the world 
took up research work on Raman Effect on a 
large scale. 

This decade (1920-30) was the most glorious 
period of Prof. Raman’s research activities for 
not only in Raman Effect but also in various 
other branches of Physics he initiated resear¬ 
ches of far-reaching importance. One such 
field was that of Crystal Optics. 1 had the 
good fortune of being associated with him in 
one such problem as my first assignment as 
research scholar. This was the study of a 
peculiar pattern shown by amethyst quartz 
crystal plate under a polarising microscope. 
The phenomenon was explained in a novel way 
as a phase lamination diffraction effect. He 
initiated investigations into double refraction 
induced by electric and magnetic fields in liquids 
and gases and by flow of liquids and by anisotro¬ 
pic pressure on isotropic transparent solids. 
In collaboration with Dr. K. S. Krishnan he 
investigated theoretically the contributions of 
electric polarity and optical anisotropy of 
molecules to the electrical birefringence and 
that of the magnetic anisotropy of the mole¬ 
cules on the magnetic birefringence. He and 
Dr. I. R. Rao experimentally measured these 
effects in various liquids and there by determined 
the optical and magnetic anisotropies of the 
molecules of these substances. On his sugges¬ 
tion I studied the double refraction produced 


VOL. 54, NO. 11 


19 


SUPPLEMENT 



by anisotropic stress on isotropic solids in 
relation to their atomic arrangements. 

Prof. Raman’s interest in scattering of light 
led him to the study of scattering of x-rays by 
liquids. He and Dr. Ramanathan developed 
a theory of x-ray diffraction by liquids and 
amorphous solids which explained diffraction 
maxima observed by earlier workers. Their 
results were experimentally verified by Dr. 
C. M. Sogani working under Prof. Raman. Dr. 
Krishnamurthi in this laboratory, however, 
found a co-relation between the diffraction due 
to the solid and the liquid states of substances. 
I gave a modified version of the theory of 
Raman and Ramanathan taking into account 
the directional bonding forces between mole¬ 
cules to explain this co-relation. 

Working under him, very interesting results 
were obtained by Dr. S. Bhagavantam from his 
measurements of the magnetic anisotropies of 
the crystals of naphthalene and anthracene 
structures of these crystals were published by 
Sir William Bragg earlier which were incompa¬ 
tible with Bhagavantam’s results and Prof. 
Raman directed me to make a more systematic 
redetermination of the structures. The struc¬ 
ture redetermined by me by X-ray diffraction 
was compatible with the results of Bhagavantam 
and accepted by Sir William Bragg as the 
correct one. For all these investigations the 
Raman School of research became internati¬ 
onally known not noly as a top place for light 
scattering crystallography, but also for solid 
state physics X-ray Diffraction in general. 

During the long period of work of Prof. 
Raman in Calcutta it was very remarkable that 
he never waited for sophisticated apparatus 
from foreign countries. He tried to build up 
his equipments as far as possible in the labora¬ 
tory or get them from Indian sources. Even 
for X-ray diffraction which requires fairly 
complicated apparatus and in early twenties of 
the persent century when technical know-how 


was in very preliminery stage, except the 
transformers which were supplied by a Calcutta 
firm all other equipments were made within the 
Association workshop. This adventure helped 
considerably the developments of Instruments 
Technology in India. 

During the latter half of his Calcutta period 
honours poured upon him. Apart from being 
elected F.R.S. and award of Nobel Prize, he 
was awarded doctorate degrees honoris causa 
from many universities of Indian and abroad 
including the University of Paris. He attended 
as representative of India, the British Empire 
University Conference in 1921, and the cente¬ 
nary celebration of the Franklin Institute of 
U.S.A. in 1925. He attended as special invitee 
of the bicentenary celebration of the Moscow 
and Leningrad Academies of Science in 1925 
and the British Association for the Advance¬ 
ment of Science in 1927. The Optical Scatter¬ 
ing Section of the International Mathematical 
Congress in Toronto in 1927 was inaugurated 
by him. He was elected the General President 
of the Indian Science Congress of 1929. He 
was awarded the Mattenci Medal of the Italian 
Society of Science and the Hughes Medal of 
the Royal Society of London in 1922. The 
British Government Knighted him in 1929, but 
he did not like the use of “Sir” before his name. 

Indian scientists were thinking about the 
question of publication of results of scientific 
research in India during the early years of this 
century. The Science Association began to 
publish some scientific papers in its Annual 
Reports. Later on, attempts were made to 
meet this demand by publishing occassional 
bulletins and transactions. But with expansion 
of research activities, the need for regular 
publication was more keenly felt and the 
Science Association under the inspiration of 
Prof. Raman started publishing a journal known 
as the Proceedings of Indian Association for 
the Cultivation of Science. By his untiring 


. SUPPLEMENT 


20 


SCIENCE AND CULTURE. NOVEMBER. 1988 



efforts this developed into a joiirnsj of high 
calibre and was named Indian Journal of 
■ Physics in 1926. It soon developed into a 
regular bi-monthly journal and occupied an 
important position among leading scientific 
journals of the world through his constant 
efforts. 

Prof. Raman joined the Indian Institute of 
Science and Technology of Bangalore as its 
first Indian director in 1933. Even after going 
to Bangalore he continued his interest in the 
Association as its President. Before he left 
iTalcutta, the future of the Science Association 
was in his mind and by making an all effort 
he was able to create an endowed Professorship 
designated as the Mahendra Lai Sircar Profe¬ 
ssorship and appointed Prof. K. S. Krishnan as 
the first Mahendra Lai Sircar Professor. But on 
account of some misunderstanding with the 
members of the Association he ceased to remain 
the President and unfortunatfly he cut off all 
connections with the Association, but his love 
for the Association lingered. Even during the 
most busy period of his building up his own 
Institute at Bangalore he had once to pass 
through Howrah where he had to halt for a 
short while, he came straight to the Association 
at Bowbazar. I was the Mahendra Lai Sircar 
Professor at that time. He came to me and 
ordered me to arrange for assembling the 
research students immediately. He straightway 
lectured to them for au hour or so and 
explained his latest work to the students, had 
coffee and quickly returned to Howrah to 
catch his train. The transfer of the Science 
Association from Bowbazar to Jadavpur 
pained him very much and he gave up his life- 
membership of the Association as he considered 
it to be an end of the great traditions that were 
built up with so much efforts during the previ¬ 
ous 3 quarters of a century^ 

The towering personality Prof. Raman 
inspired a large number of scien^s from all 
over India to the path of devotion to Science. 


His speeches wne mmens^y illuihittafing mid 
when he talked to tu we were always hilddy 
impressioned by the clarity and novelty of ideas 
and an uncommon talent for going deeply into 
the fundamentals of any problem. Scientific 
research was bis all-embracing passion and he 
rarely thought of anything else. His all-out 
devotion to science was unique. 

We. the students of Prof. Raman saw him 
in the laboratory very early in the morning and 
he went home late in the night. We never saw 
him taking rest during this period. For going 
to Science College he used to go home take his 
meals and come back in an extremely short 
time and then proceed to the Science College 
from the Association. He used to return from 
the Science College to the Association and at 
coffee-time would go home for only a few 
minutes. He discovered the Raman effect at 
about 1 A.M. in the night. During his work be 
would forget everything in the world. Interests 
of the Association and the University Physics 
Department were always superb in his mmd. 
As the Association was not affluent in those 
days, he ungrudgingly met deficits of the 
Association from his personal Bank Account 
on several occassions. 

As the director of the Indian Institute of 
Science and Technology considerable part of 
his time was taken up by administrative work 
which did not suit him. So after 4 years he 
left the Directorship and became simi^y 
Professor of Physics so that he could devote 
himself whole heartedly to research again. He 
continued in this position until 1943 when he 
bhilt up a research laboratory of his design and 
liking, known as Raman Institute, and actively 
continued his research until death put a stop 
to his activities at the age of 82. His life and 
work have built up a great idea before our 
scientists and will inspire future generations of 
scientists to unflinching dedication. □ 

'■ ■' . I I, I ■ ■ ■ - ---- 
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REMINISCENCES OF MY ASSOCIATION 
WITH PROF. C. V. RAMAN 

SUKUMAR CHANDRA SIRKAR 


JT was in 1920 when I first came in contact 
with Professor Raman while studying in the 
Fifth year M.Sc. Class in Physics at the Univer¬ 
sity College of Science, Calcutta. He took 
classes on Electricity and Magnetism and follo¬ 
wed the well-known treatise by Jeans. He 
used to come to the class with a few sheets of 
paper on which the lecture notes had been 
scribbled, but he consulted these notes only 
occasionally during the lecture. Dr. L. A. 
Ramadas and Dr. K. S. Krishnan were my 
class mates at the University College of Science. 
Dr. Krishnan (then Mr.) and myself could not 
appear at the M.Sc. Examination in 1922 for 
different reasons, bur Dr. (then Mr.) Ramadas 
passed the Examination that year and started 
research work in the laboratories of the Indian 
Association for the Cultivation of Science and 
Krishnan also was appointed a Research Asso¬ 
ciate at the Association. While bolding a 
permanent post in the Bridge Engineer's Office 
atPaksey, I used to come to Calcutta frequently 
and would meet both of them at the Association 
just to find out the nature of the problems they 
had been investigating. I finally appeared at 
the M.^. Examination in 1925, but unfortuna¬ 
tely, I was not placed in the First Class, 
because I could not secure more than 56% 
marks in the Practical papers. I was, however, 
placed first in the Second Class, there being 
only one successful candidate in the First Class. 
When I approached Prof. Raman for a research 
scholarship he told me that he had already 
offered the scholarship to the candidate who 
had stood first that year. So, I had to wait for 
a future vacancy. In May, 1926 1 received a 
letter from Prof. Raman informing me of the 
award of a Palit research scholarship for three 


years at a stretch as a special case. I accepted 
the offer and after resigning the permanent 
appointment at Paksey, reported myself for 
duty at the Association in the first week on 
July, 1926. I was first assigned the experimen¬ 
tal investigation or penetration of light in the 
second medium during total reflection. This 
work was completed in a month and I was next 
asked to determine the permanent electric 
moment of a few simple organic molecules by 
Debye’s method. I set up the apparatus requi¬ 
red for the heterodyne null method in the labo¬ 
ratories of the Association and got results for 
three simple organic molecules. While this 
work was in progress I was appointed Research 
Assistant to Palit Professor of Physics with 
effect from January 1, 1927. 

The paper dealing with the results mentiond 
above was published early in 1928, but I was 
asked to start investigations on another problem 
which was also related to time of relaxation 
postulated in Debye’s theory of polar molecules. 

I shifted to the Palit Laboratory at the Univer¬ 
sity College of Science and set up an apparatus 
for the study of Kerr effect in viscous liquids 
under radio-frequency oscillating field. At this 
time one day Prof. Raman came to my room 
before going upstairs to take his class and 
after handing over to me a quarter size photo¬ 
graphic plate, asked me to measure the wave¬ 
lengths of some extra lines present in one of 
the two spectrograms contained in the plate, 
using the Adam Hilger comparator which was' 
available in the laboratory. He also told me 
that one of the spectra was due to direct light 
from mercury arc and the ottter was due to 
the same light scattered by benzene. I did not 
find any .iron arc comparison spectrum, on the 


SUPPLEMENT 


22 


SCIENCE AND CULTURE, NOVEMBER. 1988 



spectrogram and there was no Hg line oh th« effect was completed by this time and I wu 


long wavelength side of the Hg line 4358A. 1 
measured the distances of the new lines from 
the mercury line 4358A but as the dispersion in 
the region was about 35A per mm it was not 
possible to And out the wavelengths of the new 
lines with any accuracy. When Prof. Raman 
came back from the class I pointed out to him 
this difficulty He told me that there was no 
time to take another spectrogram with iron 
arc spectrum as comparison, because he would 
leave for Bangalore the same evening and he 
wanted to announce the discovery of the new 
radiation at a meeting of the South Indian 
Science Association which had been arranged 
to be held during his stay there. We actually 
did so without giving the wavelengths of the 
new lines and after returning from Bangalore 
got a paper entitled ‘A New Radiation* 
published in the Indian Journal of Physics, 
Vol. 2, p. 387, 1928, He was the single 
author of this paper. It was explicitly mentio¬ 
ned in this paper that this new secondary 
radiation was analogus to Compton effect. 
It was also stated that each of the prominent 
mercury lines produced a single new line. 
These statements were made only because the 
complete spectrum of the light scattered by 
benzene had not been investigated and the 
difference between the new effect and Compton 
effect was not realised at that time. However, 
to prove that the new scattering is different 
from flourescence it was stated in the paper 
that in collaboration with Krishnan Prof. 
Raman had studied the intensity and polari¬ 
sation of the new radiation and had found 
these to be different from those of fluore¬ 
scence. 

After the publication of this paper Krishnan 
was asked to study the spectra of light scattered 
by different compounds in liquid and solid 
states using a spectrograph much larger than 
the small spectrograph used by Prof. Raman in 
the original investigation. My work on Kerr 


asked to shift to the Association and to set hp 
a Shearer X-ray tube for an investigation on 
the Laue patterns due to iridescent crystals of 
potassium chlorate. While I was engaged in 
this work one day Prof. Raman was showing a 
plate to some of the workers in the laboratory 
and he hurriedly came to my seat also and after 
showing me the plate said ‘'Krishnan has made 
half the discovery”. The spectrogram showed 
some anti-Stokes lines on the short wavelength 
side of the exciting line besides the new lines 
on the long wavelength side observed earlier. 
In a few months, spectra of light from mercury 
arc scattered by a large number of substances 
in different states were investigated by different 
workers in the laboratory including Krishnan 
and the universal nature of the phenomenon 
was established beyond doubt. Another impor¬ 
tant event took place in the Calcutta Univer¬ 
sity at this time. Professor Sommerfelt was 
invited to deliver a course of lectures on Wave- 
mechanics as. a Visiting Professor of the 
University at the request of I^rof. Raman. As 
it was a . new subject we attended the lecture 
with much enthusiasm. 

Even after the visit of Professor Sommerfelt 
no effort was made by either Prof. Raman or 
any of his collaborators to investigate the 
proper theory of the new effect which was 
being called ‘modifled scattering* by the 
workers of the Association. After Professor 
Sommerfelt had left for Germany one day 
Prof. Raman was seen moving about hurriedly 
in the halls of the Association with a copy of 
Naturwissenschaften in bis hand. He showed 
everyone of us present in the laboratory an 
article entitled “der Raman Effekt” on page 
597 of the issue written by Pringsheim. Prof 
Pringsheim was an acknowledged authority on 
fluorescence and therefore Prof Raman’s joy ’ 
knew no bounds when he came across this 
article. He told us that the controversy about 
the priority of the discovery of this new 
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phenomenon was settled when the effect was 
named after him alone. This was in refereni^ 
to the discovery of some new lines in the 
spectra of light scattered by some transparent 
crystals made by Landsberg and Mandolstam 
who published their results in 1929 but claimed 
to have announced the discovery in a meeting 
sometime in 1928. It was clear, however, 
that they did not understand the true nature 
of their discovery. Prof. Raman began to 
cherish the hope of winning the Nobel prize 
as the sole discoverer of the effect. For this 
purpose he wanted his name to be proposed 
by some senior Nobel Laureates. He appro¬ 
ached both Sir Earnest Rutherford and 
Professor Seigbahn. I was personally shown 
a portion of the letter in which Sir Earnest 
had stated that the new phenomenon had been 
called Raman effect quite properly. 

Even before the discovery of the Raman 
effect Prof. Raman was fond of delivering 
lectures on topics related to problems investi¬ 
gated by himself or some of his collaborators. 
Once he was invited by the Principal of 
Serampore College to deliver such a lecture in 
the College. Prof Raman chose “Haloes and 
Coronas” as the topic of the lecture and asked 
me to accompany him with the equipments 
required for projecting haloes formed by a 
cloud, produced in a flask, on the screen. We 
had to hire a taxi cab, because Prof. Raman 
had no car that time. It was summer and the 
roads were so hot that one of the tyres of the 
taxi burst somewhere in Uttarpara. While 
the wheel was being replaced by the driver we 
were strolling near a beautiful house on the 
bank of the Bhagirathi. A shady banian tree 
added to the beauty and calmness of the 
place. Prof. Raman was charmed by the 
beauty and said “I would be happy to have a 
residence at such a lovely place.” I pointed 
out, however, the disadvantage of the long 
distance from the laboratory. We reached 
Serampore in time and the lecture was 


delivered in accordance with the schedule. 
The return journey was uneventful. I distin¬ 
ctly remember another lecture delivered by 
Prof. Raman after the discovery of the Ramad 
effect. It was delivered in the old Senate hall 
of the Calcutta University which was packed 
to the full capacity. The sound-reflecting 
screen with its bullet mark was there butHhere 
was no microphone. The new discovery was 
the topic of the lecture. Prof. Raman had to 
shout at the top of his voice to make himself 
heard by the members of the audience sitting 
far away from the reflector. 

After the discovery of the Raman affect 1 
studied Laue patterns due to iridescent crystals 
of potassium chlorate, and later, I was asked 
to determine the structure of the crystal. We 
had to apply only the trial and error method 
in our laboratory at that time. When this 
work was in progress Prof. Raman went 
abroad and the work was completed before 
his return. When he returned we went “ 
Howrah Station to receive him. On seeing me 
here he promptly accosted me and told me that 
my work on potassium chlorate crystals had 
been anticipated by Prof. 2^chariasen who 
had published a Fourier synthesis of the 
crystal. I was sorry to learn this, because it 
was then not worthwhile to publish the results 
obtained by me and about a year’s labour 
was wasted. 

Krishnan left the Association in 1929 and 
joined the Dacca University as a Reader in 
Physics. Prof. Raman helped him in getting 
this post. After his departure I was asked to 
study the Raman spectra of some organic 
liquids and a spectrograph was also available 
for this purpose. I carried out the investi¬ 
gations and published a few papers in quick 
succession, but I felt that the quality of the 
contributions made to these papers was not 
up to the standard required for ’the D.Sc. 
degree of the Calcutta University. By some 
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coincidence of chitnce t had the opportunHy 
of improving the standard of my work as few 
months later. Before narrating this I give an 
idea here of the cooperation which Prof. 
Raman received from the Calcutta University 
Press in his attempt to get his name proposed 
by some members of the Nobel Committee for 
the award of the Nobel prize in Physics for 
1930. Early in 1930 Dr. (then Mr.) Bhaga- 
vantam who had earlier investigated some 
problems on Raman effect was asked by Prof. 
Raman to write up a bibliography of the work 
done upto that time on this new phenomenon. 
The bibliography was ready within a short 
time and it was to be published in an issue of 
the Indian Journal of Physics. Since a few 
original papers were needed for this purpose 
some of us were asked to contribute some 
papers. My paper on the Laue photographs 
of potassium chlorate crystals were ready and 
it was decided to indnide my paper in the 
issue. Prof. Raman one day asked myself, 
Dr. Bhagavantam and some other authors to 
accompany him to the Calcutta University 
Press. We did so and he handed over the 
manuscript for the issue to Mr. Ashutosh 
Ghatak who was the Superintendent of the 
press at that time. The press was located in 
the rear portion of the old Senate hall at that 
time. In less than two hours the whole matter 
of the issue was composed and galley proofs 
were supplied to us for correction. We quickly 
corrected these proofs and waited for the page 
proofs. The page proofs were presented 
by 3 P.M. and after correction they were 
returned within half an hour. The final 
corrections were made by the compositors 
immediately afterwards. Prof. Raman gave 
print orders before 4 P.M. Orders for printing 
about 300 extra reprints of the bibliography 
were also given. The complete issue with the 
reprints was printed off next morning and 
delivered to the book binder. The reprints of 
the bibliography were circulated among the 


leading Physicists of the world. The hihlio- 
graphy undoubtedly impressed upon the pbyii* 
cists the importance of the discovery. 

It was a memorable day when Prof. Raman 
received the news of the award of the Nobel 
prize in Physics for 1930 to him. He was sitting 
in his room just to respond to telephone calls 
from his friends and admirers and most of the 
workers of the laboratory including myself were 
sitting or standing before him. One of his 
colleagues came and asked for some sweets. 
Prof. Raman gave us a ten rupee note and we 
immediately fetched some sweets from Bhim 
Nag’s shop. At one moment he lifted the 
• phone and said ‘Thank you Mr. Chunder. You 
will be glad to learn that your diamond did the 
trick’. Mr. Nirmal Chander Chunder was 
congratulating him from the other end. He 
had earlier lent Prof. Raman a big diamond the 
Raman spectrum of which was studied by 
Bhagavantam. As it was a big jewel it gave 
strong fluorescence and only one Raman line 
superposed on the continuous fluorescence 
spectrum was observed. Prof. Raman had 
been conferred knighthood in 1929 and after 
receiving the news of the award of the Nobel 
prize he told us that when he was knighted 
earlier he was sure the prize also would come 
to him. 

As mentioned earlier 1 was not satisfied 
with the quality of the work on the Raman 
effect which 1 had been carrying on during the 
years 1930-32. In 1932 one day Prof. Raman 
showed me a review by Beams published in an 
issue of the Review of Modern Physics (p. 147) 
of the same year. My work on Kerr eflfect in 
viscous liquids under radiofrequency oscillating 
field had been reviewed in that article. He was 
pleased after going through the review and said 
that I should do some more important work so 
that it would be easy to get the D.Sc. degree.^ 
A few days later a junior scholar of the 
Association accidentally broke a Raman tube 
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of fused silica which Prof. Raman had earlier later the Registrar received a report from Rrof. 
procured for the study of the Raman spectra Fabry and informed Prof. Raman of its 
of liquids in the ultraviolet region. After this contents. Then Prof. Raman went to the 
incident the scholar was so much frightened Registrar’s office and wrote a report in his own 
that he never turned up to do bis work at the handwriting in which he stated that the three 
Association. Prof. Raman one day gave me external Examiners bad sent detailed reports 
another such tube and a quartz spectrograph recommending strongly that the candidate 
and asked me to carry on some investigations should be admitted to the degree* and he 
on relative intensities of Raman lines with a agreed thoroughly uith them. So I was 
view to verifying the polarisability theory put admitted to the D.Sc. degree in 1933. 
forward earlier by Placzek. I successfully a few months later we learnt that Prof, 
carried out the investigations and published a Raman had been offered the post of Director 
few papers within a short time. Early in 1933 of the Indian Institute of Science at Bangalore. 
Prof. Raman left for a tour on the Continent We were mortified to get this news and 'I 
and during his stay abroad I wrote up my personally discussed the matter with Prof, 
thesis and submitted it to the Calcutta Univer- Raman in presence of Lady Raman and pointed 
sity for the D.Sc. degree. After his return out that his research work might suffer if he 
from the Continent Prof. Raman was surprised would leave such an organised laboratory with 
to learn that I had been able to prepare my its experienced research workers. He, however, 
thesis and submit it during his short absence stated that the climate of Bangalore was far 
from the laboratory. However, he himself superior to that of Calcutta and the difference 
arranged for the appointment of Examiners to in the salaries at the two places was very large 
adjudicate upon the thesis and as a special case Prof. Raman was given an increment of Rs. 
got his name included in the list of three 500 /- per month after the award of the Nobel 
Examiners, the other two of the list being prize to him and he was drawing altogether 
Prof. McLenan of Toronto University and Rs. 1500/- per month at that time. The salary 
Prof. Peter Pringsheim of Germany. Prof, offered to him at Bangalore was about double 
Pringsheim, however, returned the thesis this amount. He told me that he would take 
after a month, stating in his letter one year’s leave without pay and during that 
that he had never worked on Raman effect period the work in the Association would 
and was, therefore, not competent to continue undisturbed. He also asked me to 
adjudicate upon the thesis. Prof. Raman at take charge of the instruments and apparatus 
once got Prof. Ch. Fabry of Paris appointed belonging to the Palit Laboratory including 
as the third Examiner in place of Prof, Pring- those shifted to the laboratories of Association 
sheim and a copy of the thesis was also sent to during his absence. I continued my work at 
him. A few days later the Registrar, Calcutta the Association for about a year and after the 
University received another letter from Prof, expiry of his leave Prof. Raman came to 
Pringsheim along with a report on my thesis. Calcutta to hand over the charge. He, how- 
He had recommended that the thesis should ever, asked me to hand over the charge perso- 
be accepted for the D.Sc. degree of the Calcutta nally to the Registrar and the Secretary to the 
University. Immediately afterwards. Prof. Council of Post-Graduate Teaching in Science. 
McLenan also sent a similar report. Prof. This task was easy for me, because the stock 
Raman, however, asked the Registrar to wait book had earlier been checked by a Special 
for the report from Prof. Fabry. A month Officer appointed by the University. I took 
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care to preserve the instruments which bad been 
either damaged or broken during use in the 
laboratory including a Philips sealed X-ray tube 
which bad been broken while a research scholar 
had been trying to use it for his work. This, 
not a single instrument was found missing. 
Thereafter Prof. Raman left for Bangalore, but 
before doing so he told me that he could offer 
me a post at Bangalore, but the salary would 
not be more than what was being drawn by me 


here. So, I thankfully dectined' the offer. Tima 
ended by long association with the most distin- 
guished scientist of our country. It is quite 
clear from what has been narrated above that 
my contact with him brought about a vast 
change in my career and my indebtedness to 
him will be remembered till the last day of 
my life. q 

Reprinted from the Calcutta Municipal Gazette Spl. 
number 


RAMAN AT IIS, BANGALORE—1933-48. REVIEW OF THE WORK 
DONE IN THE DEPARTMENT OF PHYSICS 

R. S. KRISHNAN 


'jpHE Department of Physics at this Institute 
was formally inaugurated in April 1933 
with Professor C. V. Raman as its Head and 
students were admitted in July 1933, most of 
them however having no previous experience 
of research. It took nearly a year to obtain 
possession of the laboratory accommodation 
and to provide the necessary fittings, furniture 
and equipment. The department was also 
handicapped by the very inadequate workshop 
facilities available at that time. In view of 
these difficulties, it was not till July 1934 that 
the department was in a position to commence 
serious research work, and not till July 1935 
that it was moderately well-organized. It was 
during the period 1933-1936 the spade work 
for the future activities of the department was 
done and the foundations laid for an era of 
intense research work. Professor Raman con¬ 
tinued to direct the activities of the Department 
till the year 1948. It is proposed to review the 
progress of the department during the period 
of Prof. Raman’s stewardship (1933-1948). 
491 original scientific papers were published 
from the Department in well-known periodi¬ 


cals ; to summarise in a few paragraphs the 
contents of these papers is not an easy 
matter. In this summary it is only possible to 
discuss the more important contributions from 
the laboratory. 

Molecular Scattering and Colloid Optics 

A large number of studies have been made 
on the scattering of light by pure liquids and 
gases, binary liquid mixtures and by colloidal 
particles in suspension. The earlier studies 
resulted in the discovery by Dr. R. S. Krishnan 
of a perfectly general relation (known as the 
reciprocity relation) connecting the brightness 
and polarisation of the scattered light when 
the incident light is polarised in one or another 
of two perpendicular directions. Basing 
himself on this relation, he developed delicate 
optical methods to determine the polorisation 
characters of the scattered light, which culmi¬ 
nated in the discovery of what has since been 
named as the “Krishnan effect”. This term is 
used to denote the anomalous polarisation of 
the light transversely scattered by a substance 
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when the incident light is polarised with its 
electric vector in the direction cf observation. 
The effect has been attributed to the existence 
of particles or molecular aggregates whose 
size is not small compared with the wavelength 
of light. The effect is observed not only with 
colloids, but also by liquid mixtures near about 
the critical solution temperature and by optical 
glasses showing that they contain large aggre¬ 
gations of molecules. The effect has proved 
itself highly useful in the study of colloids, for 
by making quantitative measurements, it is 
possible to draw inferences regarding the struc¬ 
ture, shape and size of the colloidal particles. 

Ultrasonics and Hypersonics 

A significant contribution to the field of 
ultrasonics has been made by Sir C. V. Raman 
and Dr. N. S. Nagendra Nath by their theory 
of the diffraction of light by ultrasonic waves. 
The theory is based on the simple idea that 
the light in passing through the held of ultra¬ 
sonic waves suffers changes of phase in propor¬ 
tion to the amplitudes of the sound waves. The 
theory is found to give quantitative explana¬ 
tions of practically all the phenomena obser¬ 
ved both in this laboratory and elsewhere. 
A complete generalisation of the theory has 
also been given which explains certain pheno¬ 
mena not explained by the elementary theory, 
such as the "reflection” of light by the ultra¬ 
sonic waves. Various results to be anticipa¬ 
ted on this theory, such as the effect of oblique 
incidence, diffraction by superimposed waves 
and the periodic visibility of the diffraction 
effects have been worked out and verified by 
other workers in the laboratory. 

A large amount of work has also been 
done on the determination of ultrasonic velo¬ 
cities in more than a hundred organic liquids 
and also the dispersion of the velocities in 
the acoustic spectrum. 


In the Raman-Nath theory, it had been 
shown that the diffracted light must have a 
frequency different from the incident light, 
the frequency difference being that of the 
sound wave. This effect, although undetect¬ 
able with ultrasonic waves, has been demons¬ 
trated with "hypersonic” waves i.e. the spon¬ 
taneous high frequency acoustic waves bf ther¬ 
mal origin present in liquids. These waves 
reflect the light waves, resulting in a change 
in frequency as in the Doppler effect. The 
alteration in the frequency has been demons¬ 
trated by studies made with a Fabry-Perot 
etalon, when two frequencies symmetrically 
displaced on either side of the incident fre¬ 
quency are observed. An interesting feature 
that is observed in these studies is the presence 
of an unmodified central line, which has been 
ascribed to the presence of molecular clusters. 

Studies made on the frequency shifts in 
these experiments have made it possible to 
calculate the velocities of the hypersonic waves 
and thus to extend the dispersion data of 
acoustic velocity to this region. An interest¬ 
ing fact, discovered by Dr. C. S. Venkates- 
waran, is that the hypersonic velocity in the 
case of highly viscous liquids such as glycerine 
is appreciably higher than the sonic and ultra¬ 
sonic velocities. This shows that such liquids 
exhibit appreciable rigidity at these high 
frequencies and pass over into the solid state. 

The existence of sound waves of thermal 
origin in a solid has been demonstrated by 
Dr. R. S. Krishnan in a simple way. He has 
photographed the Doppler shifts of frequency 
due to the scattering of light by thermal waves 
in diamond and corundum. The success is 
mainly due to the fact that the velocity of 
sound in these crystals is large. The resulting 
Doppler displacements in the frequency of 
the A 2536.5 radiation scattered transversely 
are large enough to be recorded directly with¬ 
out interferometric aid using a qffartz spectro¬ 
graph of moderate power. 
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' Ramin Ifpeetnt ^ 

Numerous papers have be(m published 
from thO department on the Raman spectra 
of organic and inorganic substances. These 
have led to a clearer understanding of the 
chemical structure of many of the compounds 
and also of the theory of the Raman effect. 
For example, we may mention the work of 
Dr. Ananthakrishnan on cyclopropane and 
of Dr. C. S. Venkateswaran on ions of the 
type ABb- Very interesting work has been 
done on the origin of wings in the spectrum 
of the scattered light in liquids and also of 
very low frequency lines in crystals. These 
have been attributed to the hindered rotation 
of the molecules in the liquid, and to the flexu¬ 
ral oscillation in the solid. On melting the 
discrete lines are changed into wings, which 
become broader on raising the temperature, 
Dr. B. D. Saxena has theoretically investigated 
the influence of the symmetry of the crystal 
on the polarisation characters of the Raman 
lines and investigations have been carried out 
on this subject by both him and others in the 
laboratory. 

Crystal Physics 

Sir C. V. Raman’s new theory of the atomic 
vibrations in crystals has opened up a wide 
field of Research and the activities of the 
department in recent years have mainly been 
devoted to studies in crystal physics. According 
to, Raman’s theory, the vibration spectrum 
of a crystal lattice consists of a finite number of 
discrete frequencies, the modes of vibrations 
corresponding to these frequencies being such 
that equivalent atoms in neighbouring cells in 
the lattice vibrate either in the same or in oppo¬ 
site phases. The results of the 'theory have 
been worked out for a number of crystals 
having simple structures and the number of 
characteristic frequencies have been calculated. 
These have been verified by studies on their 


R»than spectra made t>y;^/R.'l KHsIM 
Using the specially developed t^hnique of 
employing the 2537 A radiations of the qua^ 
mercury lamp. Numerous oystals have bees 
studied with the utmost thoroughness and a 
rich harvest of results obtained in every one 
of the cases investigated, viz., calcite, quartz, 
barytes, gypsum, fluorspar, corundum, topaz,, 
diamond, rock-salt, sylvine, ammonium chloride- 
and ammonium bromide. The results obtained 
by him in the case of diamond, rock-salt and 
ammonium halides afford a direct experimental 
verification of the predictions of the new theory 
of crystal dynamics viz., that the vibration 
spectra of crystals consist of a finite number of 
discrete frequencies. His results on diamond 
deserve special mention, since the lines in 
this case have been shown to remain sharp 
even under very high dispersion, thus proving 
that the vibration frequencies are highly 
monochromatic. 

The theory of atomic vibrations in crystals 
has also been used to calculate the specific heat 
and thermal expansion of a number of crystals. 
The agreement with experiment of the calculated 
values is good over the whole range of 
temperatures. 

Dynamic X-ray reflections in Crystals 

As is well-known, the infra-red vibrations 
in a crystal can interact with visible or ultra-' 
violet light, resulting in a change of frequency- 
of the latter in the scattered light. A similar 
interaction of the lattice vibrations with X-rays 
was foreseen by Sir C. V. Raman and actually 
shown to occur by him and Dr. P. Nilakantan. 
The actual mechanism is, however, different 
with X-rays. The change in frequency of the 
X-rays is too small to be determined, but the 
interaction of X rays with the crystal lattice 
results in a tilting of the reflecting planes of 
the crystal, and thus giving rise to new ‘dyna¬ 
mic reflections’ in directions away from the 
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Laue reflections. Such dynamic reflections 
have been observed with a large variety of 
crystals. The investigations with diamond 
support the theory particularly well. It has 
been suggested by other workers in the field 
that the extra reflections are not due to the 
infra-red vibrations but to the presence of 
elastic waves of low frequency. That this is 
not so has been proved by the sharpness and 
specular nature of the reflections and also by 
the fact that the positions of the dynamic 
reflections can be quantitatively accounted for 
by the theory. 

The Physics of the Diamond 

From the very beginning, investigations 
have been made on the structure and pro¬ 
perties of diamond. In 1934, Dr Nagendra 
Nath made studies on the lattice structure of 
diamond and gave the correct interpretation 
of the vibration of frequency 1332 cm-As 
a result of the acquisition of a collection of 
diamonds made by Sir C. V. Raman, an 
impetus was given to researches to this branch 
since 1941. A large variety of properties of 
diamonds have been investigated and many 
new results have been obtained. The most 
interesting result that has emerged from these 
studies is the fact that diamonds show large 
variations in its properties from specimen to 
specimen, which must be attributed to inherent 
variations in its structure and not to the 
presence of any extraneous impurities. The 
interpretation of this fact remained obscure 
until Sir C. V. Raman put forward his theory 
of the structure of diamond. The internal 
structure of diamond is based on two inter¬ 


penetrating face centred lattices of carbon 
atoms. According to Raman, these tetrahe- 
dra can point either way, so that there are 
2 X 2 or four possible forms of diamond, two 
of which have tetrahedral and the other two, 
octahedral symmetry. In any actual specimen, 
these four structures can occur side by side or 
intermingled with each other and it is the 
variations in the nature and extent of the 
interpenetrations of the different structures 
that gives rise to the variations in the physical 
properties of diamond. A natural result of 
this theory is that the variations of different 
physical properties such as fluorescence, infra¬ 
red absorption and X-ray reflecting power 
must be definitely correlated to one another, 
and this has been definitely proved to be the 
case. Experimental evidence has also been 
forthcoming for the actual existence of the 
four varieties of diamond. 

Miscellaneous 

Among other investigations may be men¬ 
tioned the studies made on Indian musical 
drums by Sir C. V. Raman. These have been 
shown to be a practical solution of the problem 
of obtaining circular membranes having har¬ 
monic overtones. The colours of the plumage 
of birds and of iridescent shells have formed 
the subject of other studies. Magnetic studies 
on crystals, investigations on the dielectric 
behaviour of liquids and gases, studies of 
fluorescence and other aspects of spectroscopy 
form some of the other topics that have 
engaged the attention of workers in the 
laboratory. □ 

Reprinted from Science A Culture, May, 1971 
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PRESENTATION SPEECH BY PROFESSOR H PLEXjEt. CHAlR»IAN 
OF THE NOBEE COMMITTEE FOR PHYSICS OF THE 
ROYAL SWEDISH ACADEMY OF SCIENCES 


Your Majesty, Your Royal Highnesses, 

Ladies and Gentlemen, 

The Academy of Sciences has resolved to 
award the Nobel Prize in Physics for 1930 to 
Sir Venkata Raman for his work on the scatte¬ 
ring of light and for the discovery of the effect 
named after him. 

The diffusion of light is an optical pheno¬ 
menon, which has been known for a long time. 
A ray of light is not perceptible unless it strikes 
the eye directly. If, however, a bundle of rays 
of light traverses a medium in which extremely 
fine dust is present, the ray of light will scatter 
to the sides and the path of the ray through 
the medium will be discernible from the 
side. We can represent the course of events 
in this way ; the small particles of dust begin 
to oscillate owing to electric influence from the 
ray of light, and they form centres from which 
light is disseminated in all directions. The 
wavelength, or the number of oscillations per 
second, in the light, thus diffused is here the 
same as in the original ray of light. But this 
effect has different degrees of strength for light 
with different wavelengths. It is stronger for 
the short wavelengths than for the long ones, 
and consequently it is stronger for the blue part 
of the spectrum than for the red part. Hence 
if a ray of light containing all the colours 
of the spectrum passes through a medium, 
the yellow and the red rays will pass through 
the medium without appreciable scattering, 
whereas the blue rays will be scattered to the 
sides. This effect has received the name of the 
Tyndall effect. 

Lord Rayleigh, who has made a study of 
this effect, has put forward the hypothesis that 


the blue colours of the sky and the reddish 
colouring that is observed at sunrise and sunset 
are caused by the diffusion of light owing to 
the fine dust or the particles of water in the 
atmosphere. The blue light from the sky 
would thus be light scattered to the sides, 
while the reddish light would be light that 
passes through the lower layers of the atmos¬ 
phere and which has become impoverished in 
blue rays owing to scattering. Later, in 1899, 
Rayleigh threw out the suggestion that the 
phenomenon in question might be due to the 
fact that the molecules of air themselves exer¬ 
cised a scattering effect on the rays of light. 

In 1914 Cabannes succeeded in showing 
experimentally that pure and dustless gases also 
have the capacity of scattering i^ys of light. 

But a closer examination of scattering 
in different substances in solid, liquid, or 
gaseous form showed that the scattered light 
did not in certain respects exactly follow the 
laws which, according to calculation, should 
hold good for the Tyndall effect. The hypo¬ 
thesis which formed the basis of the effect would 
seem to involve amongs other things, that the 
rays scattered to the sides were polarized. 
This, however, did not prove to be exactly the 
case. 

This divergence from what was to be expec¬ 
ted was made the starting-point of a searching 
study of the nature of scattered light, in whi^ 
study Raman was one of those who took an 
active part. Raman sought to find the expla¬ 
nation of the anomalies in symmetry observed 
in the molecules. During these studies of hk" 
in the phenomenon of scattering, Raman made, 
in 1928, the unexpected and highly surprising 
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discovery that the scattered light showed not 
only the radiation that derived from the primary 
light but also a radiation that contained other 
wavelengths, which were foreign to the primary 
light. 

In order to study more closely the properties 
of the new rays, the primary light that was 
emitted from a powerful mercury lamp was 
filtered in such a way as to yield a primary 
light of one single wavelength. The light 
scattered from that ray in a medium was watc¬ 
hed in a spectrograph, in which every wave¬ 
length or frequency produced a line. Here he 
found that, in addition to the mercury line 
chosen, there was obtained a spectrum of new 
sharp lines, which appeared in the spectrograph 
on either side of the original line. When 
another mercury line was employed, the same 
extra spectrum showed itself round it. Thus, 
when the primary light was moved, the new 
spectrum followed in such a way that the 
frequency distance between the primary line 
and the new lines always remained the same. 

Raman investigated the universal character 
of the phenomenon by using a large number of 
substances as a scattering medium, and every¬ 
where found the same effect. 

The explanation of this phenomenon, which 
has received the name of the Raman effect, 
after its discoverer, has been found by Raman 
himself, with the help of the modem conception 
of the nature of light. According to that 
conception, light cannot be emitted from or 
absorbed by material otherwise than in the 
form of definite amounts of energy or what are 
known as light quanta. Thus the energy of 
light would possess a kind of atomic character. 
A quantum of light is proportionate to the 
frequency of rays of light, so that in the case 
of a frequency twice as great, the quanta of the 
rays of light will also be twice as great. 

In order to illustrate the conditions when 
an atom emits or absorbs light energy, we can,; 


according to Bohr, picture to ourselves the atom 
as consisting of a nucleus, charged with positive 
electricity round which negative electrons rotate 
in circular paths at various distances from the 
centre. The path of every such electron 
possesses a certain energy, which is different for 
different distances from the central body. 

Only certain paths are stable. When the 
electron moves in such a path, no energy is 
emitted. When, on the other an electron falls 
from a path with higher energy to one with 
lower energy—that is to say, from an outer 
path to an inner path light is emitted with a 
frequency that is characteristic of these two 
paths and the energy of radiation consists of a 
quantum of light. Thus the atom can give 
rise to as many frequencies as the number of 
different transitions between the stable paths. 
There is a line in the spectrum corresponding 
to each frequency. 

An incoming radiation cannot be absorbed 
by the atom unless its light quantum is identical 
with one of the light quanta that the atom can 
emit. 

Now the Raman effect seems to conflict with 
this law. The positions of the Raman lines in 
the spectrum do not correspond, in point of 
fact, with the frequencies of the atom itself, and 
they move with the activating ray. Raman 
has explained this apparent contradiction and 
the coming into existence of the lines by the 
effect of combination between the quantum of 
light coming from without and the quanta of 
light that are released or bound in the atom. If 
the atom, at the same time as it receives from 
without a quantum of light, emits a quantum of 
light of a different magnitude, and if the diffe¬ 
rence between these two quanta is identical with 
the quantum of light which is bound or released 
when an electron passes from one path to 
another, the quantum of light^ coming from 
without is absorbed. In that case, the atom 
will emit an extra frequency, which either will 
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he the sum of or the difihrence between the 
activating ray and a frequency in the atom 
itself. In this case, these new lines group 
themselves round the incoming primary frequ¬ 
ency on either side of it, and the distance 
between the activating frequency and the nearest 
Raman lines will be identical with the lowest 
oscillation frequencies of the atom or with its 
ultrared spectrum. What has been said as to the 
atom and its oscillations also holds good for 
the molecule. 

In this way, we get the ultrared spectrum 
moved up to the spectral line of the activating 
light. The discovery of the Raman lines has 
proved to be of extraordinarily great importance 
for our knowledge ol the structure of 
molecules. 

So far, indeed, there have been ail but 
insuperable difficulties in the way of studying 
these ultrared oscillations, because that part of 
the spectrum lies so far awa^ from the region 
where the photographic plate is sensitive. 
Raman’s discovery has now overcome these 
difficulties, and the way has been opened for 
the investigation of the oscillations of the 
nucleus of the molecules. We choose the 
primary ray within that range of frequency 
where the photographic plate is sensitive. The 
ultrared spectrum, in the form of the Raman 
lines, is moved up to that region and, in conse¬ 
quence of that, exact measurements of its lines 
can be effected. 


In the same way, the ultraviolet speetrm 
can be investigated with the help of the Raman 
effect. Thus we have obtained a simple and 
exact method for the investigation of the entire 
sphere of oscillation of the molecules. 

Raman himself and his fellow-workers 
have, during the years that have elapsed since 
the discovery was made, investigated the 
frequencies in a large number of substances in 
the solid, liquid, and gaseous state. Investi¬ 
gations have been made as to whether different 
conditions of aggregation affect atoms and 
molecules, and the molecules conditions in 
electrolytic dissociation and the ultrared absorp¬ 
tion spectrum of crystals have been studied. 

Thus the Raman effect has already yielded 
important results concerning the chemical 
constitution of substances ; and it i.« to foresee 
that the extremely valuable tool that the 
Raman effect has placed in our hands will in 
the immediate future bring with it a deepening 
of our knowledge of the structure of matter. 

Sir Venkata Raman, the Royal Academy 
of Sciences has awarded you th(f Nobel Prize 
in Physics for your eminent researches on the 
diffusion of gases and for your discovery of 
the effect that bears your name. The Raman 
effect has opened new routes to our knowledge 
of the structure of matter and has already 
given most important results. 

I now ask you to receive the prize from the 
hands of His Majesty. 


THE MOLECULAR SCATTERING OF LIGHT 
Nobel Lecture by C. V. Raman 
(at Stockholm on December 11, 1930) 

The colour of the sea has inspired numerous optical investigations, 

and the explanation of which, proposed by 
In the history of science, we often find late Lord Rayleigh, and subsequently 
that the study of some natural phenomenon verified by observation, forms beginning of our 
has been the starting point in the development knowledge of the subject of this lecture. Even 
of a new branch of knowledge. We have an more striking, though not so familiar to all, 
instance of this in the colour of skylight, which is the colour exhibited by oceanic waters. A 
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voyage to Europe in the summer of 1921 gave 
me the first opportunity of observing the 
wonderful blue opalescence of the Mediterra* 
nean Sea. It seemed not unlikely that the 
phenomenon owed its origin to the scattering 
of sunlight by the molecules of the water. To 
test this explanation, it appeared desirable to 
ascertain the laws governing the diffusion of 
light in liquids, and experiments with this 
object were started immediately on my return 
to Calcutta in September, 1921. It soon 
became evident, however, that the subject 
possessed a significance extending far beyond 
the special purpose for which the work was 
undertaken, and that it offered unlimited 
scope for research. It seemed indeed that the 
study of light-scattering might carry one into 
the deepest problems of physics and chemistry, 
and it was this belief which led to the subject 
becoming the main theme of our activities at 
Calcutta from that time onwards. 

The theory of fluctuations 

From the work of the first few months, it 
became clear that the molecular scattering of 
light was a very general phenomenon which 
could be studied not only in gases and vapours 
but also in liquids and in crystalline and 
amorphous solids, and that it was primarily an 
effect arising from molecular disarray in the 
medium and consequent local fluctuations in 
its optical density. Except in amorphous solids, 
such molecular disarray could presumably be 
ascribed to thermal agitation, and the experi¬ 
mental results appeared to support this view. 
The fact that molecules are optically anisotro¬ 
pic and can orientate freely in liquids was 
found to give rise to an additional type of 
scattering. This could be distinguished from 
the scattering due to fluctuations in density by 
reason of its being practically unpolarized, 
whereas the latter was completely polarized 
in the transverse direction. The whole subject 
was critically reviewed and the results till then 


obtained were set out in an essay published by 
the Calcutta University Press in February 
1922. 

The various problems requiring solution 
indicated in this essay were investigated with 
the aid of a succession of able collaborators. 
It is possible to mention briefly only a (jew of 
the numerous investigations which were carried 
out at Calcutta during the six years from 1922 
to 1927. The scattering of light in fluids was 
studied by Ramanathan over a wide range of 
pressures and temperatures with results which 
appeared to support the fluctuation theory of 
its origin. His work also disclosed the 
remarkable changes in the state of polarization 
which accompany the variations of intensity 
with temperature in vapours and in liquids. 
Liquid mixtures were investigated by Kames- 
wara Rao, and furnished optical proof of the 
existence in such systems of simultaneous 
fluctuations of density, composition, and 
molecular orientation. Srivaslava studied the 
scattering of light in crystals in relation to 
the thermal fluctuations of density and their 
increase with temperature. Ramdas investi¬ 
gated the scattering of light by liquid surfaces 
due to thermal agitation, and established a 
relation between surface-tension and surface- 
opalescence. He also traced the transition 
from surface-opalescence to volume-opale¬ 
scence which occurs at the critical temperature. 
Sogani investigated X-ray diffraction in liquids, 
in order to connect it with their optical 
behaviour, and test the application of the 
fluctuation theory to X-ray scattering. 

The anisotropy of molecules 

As stated above, the state of polarization 
of the light scattered in fluids is connected 
with the optical anisotropy of the molecules. 
Much of the work done at Calcutta during the 
years from 1922 to 1927 was intended to obtain 
data concerning this property and to establish 
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its reiatidos with Various optical phenomena. 
Krisbnan examined a great many liquids, and 
by his work showed very clearly the depen¬ 
dence of the optical anisotropy of the molecule 
on its chemical constitution. Ramakrishna 
Kao studied the depolarization of scattered 
light in a very large number of gases and 
vapours and obtained information of high 
importance for the progress of the subject. 
Venkateswaran studied the scattering of light 
in aqueous solutions to find the influence on 
it of electrolytic dissociation. Ramachandra 
Rao investigated liquids having highly elon¬ 
gated molecules and also highly polar subs¬ 
tances over a wide range of temperatures, and 
discovered the influence of molecular shape 
and molecular association on the depola¬ 
rization of scattered light in liquids. 

The interpretation of the observations with 
liquids involved the development of a mole¬ 
cular theory of light-scattering in dense media 
which was undertaken by Ramanathan, 1 
myself, and Krisbnan. A revised opalescence 
formula was derived which differed from that 
of Einstein and yielded results in better 
agreement with observation. Krishnan and 
J also published a series of investigations 
showing how the optical anisotropy of the 
molecules deduced from light-scattering could 
be utilized to interpret the optical and dielectric 
behaviour of fluids, and also the electric, 
magnetic, and mechanical birefringence exhi¬ 
bited by them. The conclusions derived from 
these studies enabled a connection to be esta¬ 
blished between the molecular anisotropy^ 
observed in fluids and the optical, electric, and 
magnetic aeolotropy exhibuted by solids in the 
crystalline state. 

A new j^enomenon 

The investigations referred to above were 
in the main guided by the classical electro- 
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magnetic theory of Hght, fhe 'of 

which to the problems of iight^scattering is 
chiefly associated with the names of Rayfei^ 
and Einstein. Nevertheless, the possi^li^ 
that the corpuscular nature of light might 
come into evident^ in scattering was not over¬ 
looked and was in fact elaborately discussed 
in the essay of February 1922 which was 
published at least a year before the well-known 
discoveries of Compton on X-ray scattering. 
While our experiments in the main appeared 
to support the electromagnetic theory of light, 
evidence came to hand at a very early stage of 
the investigations of the existence of a pheno¬ 
menon which seemed to stand outside the 
classical scheme of thought. The scattering of 
light in transparent fluids is extremely feeble, 
much weaker in fact than the Tyndall effect 
usually observed in turbid media. It was 
experimentally discovered that associated with 
the Rayleigh-Einstein type of molecular scatter¬ 
ing was another and still feebler type of 
secondary radiation, the intensity of which 
was of the order of the magnitude of a few 
hundredths of the classical Scattering and 
differed from it in not having the same wave¬ 
length as the primary or incident radiation. 
The first observation of this phenomenon was 
made at Calcutta in April 1923 by Ramana¬ 
than who was led to it in attempting to explain 
why in certain liquids (water, ether, methyl 
and ethyl alcohols), the depolarization of 
scattered light varied with the wavelength of 
the incident radiation. Ramanathan found 
that after exhaustive chemical purification and. 
repeated slow distillation of the liquid in 
vacuum, the new radiation persisted undlmi- 
nished in intensity, showing that it was; a 
characteristic property of the substance studied 
and not due to any fluorescent impurity. 
Krishnan observed a similar effect in many 
other liquids in 1924, and a some-what more 
conspicuous phenomenon was observed by njie 
id ice and in optical glasses. 
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The optical analogue of the Compton effect 
The origin of this puzzling phenomenon 
naturally interested us, and in the summer of 
1925, Venkateswaran attempted to investigate 
it by photographing the spectrum of the 
scattered light from liquids, using sunlight 
filtered through colour screens, but was unable 
to report any decisive results. Ramakrishna 
Rao in his studies on the depolarization of 
scattering during 1926 and 1927 looked care¬ 
fully for a similar phenomenon in gases and 
vapours, but without success. This problem 
was taken up again by Krishnan towards the 
end of 1927. While his work was in progress, 
the first indication of the true nature of the 
phenomenon came to hand from a different 
quarter. One of the problems interesting us 
at this time was the behaviour in light-scattering 
of highly viscous organic liquids which were 
capable of passing over into the glassy state. 
Venkateswaran undertook to study this 
question, and reported the highly interesting 
result that the colour of sunlight scattered in 
a highly purified sample of glycerine was a 
brilliant green instead of the usual blue. The 
phenomenon appeared to be similar to that 
discovered by Ramanathan in water and the 
alcohols, but of much greater intensity, and 
therefore, more easily studied. No time was 
lost in following up the matter. Tests were 
made, with a series of filters transmitting narrow 
regions of the solar spectrum and placed in 
the path of the incident beam, which showed 
that in every case the colour of the scattered 
light was different from that of the incident 
light, and was displaced from it towards the 
red. The radiations were also strongly polari¬ 
zed. These facts indicated a clear analogy 
between the empirical characters of the pheno¬ 
menon and the Compton effect. 1 he work of 
Compton had made familiar the idea that the 
wavelength of radiation could be degraded in 
the process of scattering and the observations 
with glycerine suggested to me that the pheno¬ 


menon which had puzided us ever since 192^ 
was in fact the optical analogue of the 
Compton effect. This idea naturally stimu¬ 
lated further investigation with other subs¬ 
tances. 

The chief difficulty which had hitherto 
oppressed us in the study of the new pheno¬ 
menon was its extreme feebleness in geqpral. 
This was overcome by using a 7-inch refracting 
telescope in combination with a short-focus 
lens to condense sunlight into a pencil of very 
great intensity. With these arrangements and 
using complementary light-filters in the path 
of the incident and scattered beams, as was 
done by Ramanathan in 1923 to isolate the 
modified radiations, it was found that they 
could be readily observed in a great many 
liquids, and that in many cases they were 
strongly polarized. Krishnan, who very 
materially assisted me in these investigations, 
found at the same time that the phenomenon 
could be observed in several organic vapours, 
and even succeeded in visually determining the 
state of polarization of the modified radiations 
from them. Compressed gases such as CO, 
and N,0, crystalline ice, and optical glasses 
also were found to exhibit the modified radia¬ 
tions. These observations left little doubt that 
the phenomenon was really a species of light¬ 
scattering analogous to the Compton effect. 

The spectroscopic character of the new effect 

Thanks to the vastly more powerful illumi¬ 
nation made available by the 7-inch refractor, 
the spectroscopic examination of the effect, 
which had been abandoned in 1925 as inde¬ 
cisive now came within the reach of direct 
visual study. With a Zeiss cobalt-glass filter 
placed in the path of the incident beam and 
one or other of a series of organic liquids as 
the scattering substance, a band in the blue- 
green region was observed by me in the 
spectrum of the scattered light, separdled by a 
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dack inteml from the indigo-violet region 
transmitted by the filter. Both of these regions 
in the spectrum became sharper when the 
re^on of transmission was narrowed by 
insertion of an additional filter in the incident 
beam. This suggested the employment, instead 
of sunlight, of the highly monochromatic 
radiations given out by a mercury arc in 
combination with a condenser of large aperture 
and a cobalt-glass filter. With these arrange¬ 
ments, the spectrum of the scattered light 
from a variety of liquids and solids was visually 
examined, and the startling observation was 
made that the spectrum generally included a 
number of sharp lines or bands on a diffuse 
background which were not present in the 
light of the mercury arc. 

The quartz mercury lamp was so powerful 
and convenient a source of monochromatic 
illumination that, at least in the case of 
Iqiuids and solids, photogrjiphing the spectrum 
of scattered light was found to present no 
extraordinary difficulties. The earliest pictures 
of the phenomenon were in fact taken with a 
portable quartz spectrograph of the smallest 
size made by the firm of Hilger. With a 
somewhat larger instrument of the same type, 
Krishnan obtained very satisfactory spectro¬ 
grams with liquids and with crystals on which 
measurements of the desired precision could 
be made, and on which the presence of lines 
displaced towards the violet was first definitely 
established. The experimental difficulties were 
naturally greater in the case of gases or 
vapours, though they could be lessened by 
working with the substance under pressure. 
With an improvised instrument of a large 
aperture (F/1.8), Ramdas obtained the first 
spectrograms with a gaseous substance (ether 
vapour) at atmospheric pressure. 

In interpreting the observed phenomena, 
the analogy with the Compton effect was 
adopted as the guiding principle. The work 


of ComptoQ had gained genera! aeeqjtanoe foe 
the idea that the scattering of radiatioiL is. 
a unitary process in which the conservaUon 
principles hold good. Ac^pting this idea, it 
follows at once that, if the scattering particle 
gains any eneri^ during the encounter the 
quantum, the latter is deprived of energy to 
the same extent, and accordingly appears after 
scattering as a radiation of diminished frequ¬ 
ency. From thermodynamic principles, it 
follows that the reverse process should also be 
possible. Adopting these ideas, the actual 
observations could be interpreted, and the 
agreement of the observed displacements with 
the infrared frequencies of the molecules made 
it clear that the new method opened up an 
illimitable field of experimental research in the 
study of the structure of matter. 

Inteqiretation of the effect 

It appears desirable to emphasize that the 
conservation principle of Compton is useful in 
interpreting the effects disclosed by experiment; 
it is by itself insufficient to ex^ain the observed 
phenomena. As is well known from studies on 
molecular spectra, a gaseous molecule has four 
different species of energy of increasing orders 
of magnitude, namely, those corresponding to 
translatory motion, rotation, vibration, and 
electronic excitation. Each of these, except the 
first, is quantized and may be represented by 
an integer is an extended sequence of quantum 
numbers. The aggregate energy of a molecule 
may, therefore, assume any one out of a very 
large number of possible values. If we assume 
that an exchange of energy occurs in the colli¬ 
sion between the molecule and the quantum, 
and limit ourselves to cases in which the final 
energy of the molecule is less than that of the 
incident quantum, we arrive at the result that 
the spectrum of the scattered light should 
contain an immense number of new lines and . 
should in fact rival in its complexity the band 


VOL. 54, NO. 11 


37 


SUPPLEMENT 



spectrum of the molecule observed in the 
emission or absorption of light. Nothing more 
different from what is actually observed can be 
imagined than the foregoing picture. The most 
conspicuous feature revealed by experiment is 
the beautiful simplicity of the spectra of even 
complicated poly-atomic molecules obtained 
in light-scattering, a simplicity that is in striking 
contrast to the extreme complexity of their 
emission or absorption spectra. It is this sim¬ 
plicity that gives to the study of light-scattering 
its special significance and value. It is clear 
that the effect actually observed was not and 
could not have been foreseen from an applica¬ 
tion of the conservation principles. 

The general principle of correspondensce 
between the quantum and classical theories 
enunciated by Niels Bohr enables us, on the 
other hand, to obtain a real insight into the 
actual phenomena. The classical theory of 
light-scattering tells us that if a molecule 
scatters light while it is moving, rotating or 
vibrating, the scattered radiations may include 
certain frequencies, different from those of the 
incident waves. This classical picture, in many 
respects, is surprisingly like what we actually 
observe in the experiments. It explains why 
the frequency shifts observed fall into three 
classes, translational, rotational, and vibrati- 
onai, of different orders of magnitude. It 
explains the observed selection rules, as, for 
instance, why the frequencies of vibration 
deduced from scattered light include only the 
fundamentals and not the overtones and com¬ 
binations which are so conspicuous in emission 
and absorption spectra. The classical theory 
can even go further and give us a rough indi¬ 
cation of the intensity and polarization of the 
radiations of altered frequency. Nevertheless, 
the classical picture has to be modified in 
essential respects to give even a qualitative 
description of the phenomena, and we have, 
therefore, to invoke the aid of quantum princi¬ 
ples. The work of Kramers and Heisenberg 


and the newer developments in quantum mec^ 
hanics which have their root in Bohr’s corres¬ 
pondence principle seem to offer a promising 
way of approach towards an understanding of 
the experimental results. But until we know 
much more than we do at present regarding 
the structure of molecules, and have sufficient 
quantitative experimental knowledge of the 
effect, it would be rash to suggest that they 
afford a complete explanation of it. 

The significance of the effect 

The universality of the phenomenon, the 
convenience of the experimental technique and 
the simplicity of the spectra obtained enable the 
effect to be used as an experimental aid to the 
solution of a wide range of problems in physics 
and chemistry. Indeed, it may be said that it 
is this fact which constitutes the principal signi¬ 
ficance of the effect. The frequency differences 
determined from the spectra, the width and 
character of the lines appearing in them, and 
the intensity and state of polarization of the 
scattered radiations enable us to obtain an 
insight into the ultimate structure of the scatter¬ 
ing substance. As experimental research has 
shown, these features in the spectra are very 
definitely influenced by physical conditions, 
such as temperature and state of aggregation, 
by physico-chemical conditions, such as 
mixture, solution, molecular association and 
polymerization, and most essentially by chemi¬ 
cal constitution. It follows that the new field 
of spectroscopy has practically unrestricted 
scope in the study of problems relating to the 
structure of matter. We may also hope that it 
will lead us to a fuller understan*. ing of the 
nature of light, and of the interactions between 
matter and light. 

Some concluding remarks 

From a physical point of view, the t}uantitative 
study of the effect with the simplest molecules 
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bolds out the largest hope of fundamental 
advances. The beautiful work of McLennan 
with liquefied gases, and that of R. W. Wood 
and Ra^tti are pioneer investigations in ^is 
field which command the highest admiration. 
The quantitative study of the effect with crystals 
of the simplest possible chemical constitution is 
naturally of great importance. The case of the 
diamond, which has been investigated by 
Ramaswamy, Robertson, and Fox and with 
especial completeness by Bhagavantam, is of 
special interest. Very surprising results have 
been obtained with this substance, which may 
be the pathway to a fuller understanding of the 


nature of the crystalline state. I should also 
like to draw attention to the work of Krishna* 
murtt, who has traced a remarkable depen¬ 
dence of the intensity of the spectral lines 
observed in scattering on the nature of the 
chemical bond,-and followed the transition 
from the homopolar to the heteropolar type of 
chemical combination. Krishnamurti's obser¬ 
vation that the paramagnetism of crystals 
apparently influences the observed intensity of 
the displaced lines is one of the most remarkable 
ever made in this new field of research. □ 

Reprinted from Raman and his Effect 
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the evaluation of its specific heat. Part II: Its 
infrared activity, Proc. Ind. Acad. Sel, 54, 
266. 

1961 The spectroscopic behaviour of rock salt and 
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MAJOR EVENTS IN THE LIFE OF RAMAN 


Year 

Events 

1888 Nov. 7 Born at Tiruchirapalli (Trichino- 
poly) in Tamil Nadu (then 
Madras State). 

1900 

Matriculated with first position, 
from Hindu High School at 
Vishakhapatnam. 

1902 

Passed Intermediate examination 
from Hindu College, Vishakha¬ 
patnam. 

1903 

Joined Presidency College, Mad¬ 
ras, for B A. in Physics. 

1905 

Got B.A. degree at the age of 16 
years, standing first, receiving 
the university Gold Medal for 
Physics, Elphinstone Medal & 
Jagirdar Memorial Gold Medal. 
Joined M.A. classes in Physics, 

1906 

Published his first paper in 
Philosophical Magazine of Eng¬ 
land at the age of 18 years. 

1907 

Selected in the competitive exa- 
mination for recruitment to the 
Indian Finance Department, 
standing first. 

Married Lokasundari, a girl of 
his own choice. 

Appointed Assistant Accountant 
General at Calcutta. 

Started research at the Indian 
Association for the Cultivation of 
Science, Calcutta. 

1910 

Transferred to Rangoon and 
after a spell of leave taken due to 
the sickness of his father, posted 
at Nagpur. 

19U 

Posted, on promotion, at Calcutta. 

1912 

Awarded Curzon Research Prize. 


Year 

Events 


1913 

Asutosh Mookerjee 

persuaded 


the Palit Board to 

offer Palit 


Professorship in PTiysics to 
Raman, then 2,5 years. 

Chairman, Physics section of the 
Science Congress. 

Awarded Woodburn Research 
Medal. 

1914 Lectured at the Madras Univer¬ 

sity. 

1917 Left Finance Department and 

joined Calcutta University as 
Palit Professor in Physics. 

1919 Elected Secretary of t.he Indian 

Association for the Cultivation 
of Science. 

1921 Went as delegate of Calcutta 
University to the Congress of the 
Universities of the British Empire 
held at Oxford. 

Met J. J. Thomson, Rutherford, 

and other British physicists. 

Started .studies on the scattering 
of light. 

1922 Awarded Honorary degree of 

D.Sc. by Calcutta University. 

Visiting Professor at Madras 
University. 

1923 Frequency (colour) change in 

light due to scattering first obser¬ 
ved by Ramanathan, a pupil of 
Raman, but the observation was 
not understood. 

1924 Visited Canda and opened a 

symposium on the "Scattering of 
light in Toronto. 
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Attetided Frankliii centenary 
celebrations in Philadelphia. 
Elected fellow of the Royal Soci¬ 
ety of London. 

Helped start Indian Journal of 
Physics of which he was the 
first editor. 

1924-25 Visiting Professor at the Califor¬ 
nia Institute of Technology, at 
the invitation of Prof. R. A. 
Millikan. 

1925 Visited Russia at the invitation of 
the Russian Academy of Sciences, 
for its bicentenary celebrations. 

Lectured at the Mendeleyev 
Congress. 

1926 Delivered the convocation address 
at Baoaras Hindu University. 

1927 Published 155-page article entitled 
Musikin-stumente und ihre 
Klange, in Handbuch der Physik, 
as a result of a special invitation. 

1928 Feb. 16 Sent a communication, written 

jointly with K. S. Krisbnan, on 
the discovery of the effect (now 
bearing Raman’s name) to the 
London journal, Nature. Publi¬ 
shed on 31st March, 1928. 

Feb. 28 Raman announced the discovery 
, publicly. 

March 8 Another letter sent to Nature (by 
Raman only). 

Mar. 16 Delivered an address at Bangalore 
to the South Indian Science 
Association on the “new radia¬ 
tion". (Published in April-May 
issue of the Indian Journal of 
Physics). On return to Calcutta, 
the address was printed overnight 
and thousands of reprints were 
distributed to scientists all over 
the world on 31. 3. 1928. 
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Mar. 22 Sent still another letter jointly 
with Krisbnan to Nature on the 
new discovery. A spectrogram 
showing the displaced Raman 
lines published for the first time. 

May 7 Paper on the discovery received, 
for publication in the Indian 
Journal of Physks (written 
jointly with Krishnan). 

Aug. 7 Sent a long paper jointly with 
Krishnnan for publication in the 
Proceedings of the Royal Society 
of London. Published in the 
January, 1929 issue. 

Awarded Matteucci Medal by the 
Italian Society of Science. 

) June 3 Knighted by King Emperor 
George V of England. 

Invited by Faraday Society to 
open a discussion on Molecular 
Spectra and Structure, at Bristol. 

General President of the Indian 
Science Congress. 

Received honorary ^egree of 
Ph.D. from Freiburg University. 

Received honorary membership 
of the Physical Society of Zurich. 

Awarded Hughes Medal of the 
Royal Society of London. 

1930 Awarded Nobel Prize in Physics. 

1932 Conferred honorary D.Sc. degree 
of the University of Paris. 

1933 Left Calcutta for the Indian 
Institute of Science at Bangalore, 
more or less unceremoniously, to 
become its first Indian Director. 

1934 Founded the Indian Academy of 
Sciences on 24 April 1934. 

1935 Maharaja of Mysore gifted land 
to Raman for establishing 
research institute. 

First annual meeting of the 
Indian Academy of Sciences held 
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at Bombay, In his presidential 
address Raman paid tribute to 
Jamsetjee Tata for propagating 
science and creating a local scien¬ 
tific culture. 

1936 Met Mahatma Gandhi. (Raman 
greatly admired Gandhi and 
Tagore.) 

1937 Raman forced to step down from 
the Director's post to professor¬ 
ship of physics at the Indian 
Institute of Science. 

Attended International Congress 
of Physics in Europe. 

1941 Awarded Franklin Medal by the 

Franklin Institute, Philadelphia. 
Elected member of the Optical 
Society of America. 

Held symposia on the physical 
properties of diamond. 

Gave Gaekwar Foundation lectu¬ 
res on physical optics, published 
later in 1959. 

1948 Attended an international confer¬ 
ence on ‘'Diffusion Moleculaire 
dela Lumiere et la Effect Raman” 
at Bardeaux in France, where an 
honorary doctorate was conferred 
on him. 

Attended an international Con¬ 
gress on Crystallography at 
Harvard, USA. 

1949 Raman assumed charge of the 
Raman Research Institute at 
Bangalore at the age of 61. 

Appointed National Professor 
by the Government of India, the 
first to be so honoured. 

Elected Foreign Associate of the 
Academy of Sciences of France in 


succession to the mathematician 
G.H. Hardy. 

1951 Organised a symposium on 

Thunderstorms. Raman took 
much interest in meteorology in 
later years. A number of his 
students had joined th^ Indian 
Meteorological Department, the 
only Government Department 
where physicists could be emplo¬ 
yed then in some numbers. 

1954 On Republic Day was conferred 

the highest honour, Bharat 
Ratna 

Received the International Lenin 



Award. 

1957 

Elected Foreign Member of the 
Soviet Academy of Sciences. 

1961 

Appointed member of the Ponti¬ 
fical Academy of Sciences by 
Pope John XXIII. 

1964 

Conferred honorary degree of 
D.Sc. by the University of Delhi. 

1959-67 

Wrote a number of papers on the 
physiology of vision, published 
in book-form in 1968. It cannot 
be called a great work, although 
Raman set great store by it. 

1968 

Sent resignation from the fellow¬ 
ship of the Royal Society of 
London, which he held for 44 
years. 

1970 

Died in the early hours of mor¬ 
ning on 21st November, at his 
official home in Bangalore, at the 
age of 82 years, leaving behind 
his wife and two sons. Cremated 
in the premises of the Raman 
Institute in accordance with his 
wishes. 
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MOTES b MEWS 


C. V. Raman’s attitade to science 

The Indian Academy of Sciences, Banga* 
lore, the sponsoring body of the C. V. Raman 
centenary celebrations, concluded its two-day 
S4th annual meeting at Calcutta. 

In his presidential address. Prof. Obaid 
Siddiqui of the Tata Institute of Fundame.iial 
Research (TIFR) spoke about the late C. V. 
Raman’s views and attitude towards science. 

Presenting a perspective on Raman from 
today’s standpoint, he said that Raman 
pursued science for the sake of science, an 
attitude which may not be possible to wholly 
sustain to-day when science is being increasingly 
driven by technology and societal needs. 

To-day's scientist is in a state of dilemma 
which stems from the dichotomy of approach 
to science—to do science for society or science 
for its own sake. 

Prof. Siddiqui referred to Raman’s disin¬ 
clination towards Jawaharlal Nehru and S. S. 
Bhatnagar's model of organised science that 
links itself to the development process of a 
developing country. 

A developing country needs technology, he 
said, it is forced to look for it elsewhere if it 
does not emerge from its own scientists. 

Prof. Siddiqui had no solution to offer for 
the dilemma faced by to-day’s scientists. 

Though many of the scientists agreed with 
his balanced and unbiased apprisal of Raman 
those who were close to the Nobel Laureate 
seemed to be perturbed by Prof. Siddiqui’s 
remarks. This was reflected in the concluding 
lecture by Prof. S. Chandrasekhar of the 
Raman Research Institute, Bangalore, who 


talked on ** Recent developments in the 
physics of liquid crystals”. Prof. Chandra¬ 
sekhar dwelt on the optical properties of 
liquid crystals that would have attracted 
Raman. 

“Science was Raman’s raison d'etre*' Prof. 
Chandrasekhar observed. For him, he said, 
“inspiration came entirely from within. He 
did not have anyone to gu'de him”. Till he 
died, his passion for science remained undimi¬ 
nished, be said. He referred to an incident 
when Nehru called him to Delhi and offered 
him the highest scientifle post, but Raman 
had declined it saying, “I have promises to 
keep”. He was in his sixties then and conti¬ 
nued to do research. □ 

The Hindu 


Our major failure is education : Rajiv 

The Prime Minister, Mr. Rajiv Gandhi, 
came down heavily on the system of education 
being pursued in the country. Inaugurating 
the C. V. Raman centenary celebrations at the 
Indian Association for the Cultivation of 
Science in Calcutta on Wednesday, Mr. Gandhi 
almost helplessly admitted that one of our 
major “failures” in the post-Independence 
period has been in the sphere of education. 
He said that no doubt there had been “quan¬ 
titative expansion” but it has been accom¬ 
panied by a "qualitative deterioration”. 

The Indian Academy of Sciences, the Indian 
National Science Academy and the Indian 
Association for the Cultivation of Science are 
jointly organizing the country-wide celebrations 
that was inaugurated in Calcutta on Wednes¬ 
day. The Nobel Laureate had worked in a 
laboratory at the Indian Association for the 
Cultivation of Science in the early years of 
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this century where he discovered his famous 
“Raman Effect”. 

“INITIATIVE KILLED” 

Mr. Gandhi said that our education system 
was such that it “killed all initiative in 
children”; it “destroyed imagination” and 
it “imprisoned the young minds” in “dull 
discipline and classroom routine”. He said 
that our failure lay in being unable to “expand 
and direct our efforts” in the sphere of 
education visualized by men like Raman. 

The Prime Minister felt that the way 
science was taught in classrooms made little 
sense. He emphasized on the “combination 
of encouraging the scientific spirit and creating 
the proper work atmosphere” at the school and 
college levels. 

“It is ironic that more applications of 
Raman’s theories had been done in the West” 
than in the scientist’s own country, the Prime 
Minister pointed out: He stressed the impor¬ 
tance of “linking the laboratory with the 
welfare of the people”. He said that he was 
aware that Raman “deplored” the linkage of 
laboratory and industry but, differing with 
Raman in this one aspect, Mr. Gandhi went on 
to add that the relationship between funda¬ 
mental research and applied science would 
have to be promoted. 

Mr. Gandhi said that leading scientists often 
felt that they would engage themselves in 
fundamental research work alone while applica¬ 
tion of the theories they propounded would 
be left in the hands of lesser colleagues. He 
criticized this attitude and reiterated that bonds 
would have to be strengthened between the 
“factory and the laboratory”. 


“RICH HERITAGE” 

He said that science had Nourished in India’ 
for almost 5,000 years now. He recaiial the. 
contribution of Aryabhatta and Varahamihira 
and felt that the scientific spirit was throttled 
with the stranglehold of the British in the 18th 
century. It was between December, 1887 and 
November, 1888, that two great scientists were 
born in India—Srinivasa Ramanujan* and 
C. V. Raman. Raman had learnt science by 
“keenly observing nature”. Mr. Gandhi said 
and described him as the “one of the most 
remarkable Indians of modern times”, who 
had “brought glory to India”. 

Speaking on the occasion, the West Bengal 
Governor, Mr. Nurul Hasan, said that Calcutta 
was a great centre of science at one period and 
pointed out that “Raman had proved there is 
no dichotomy between pure science and science 
for the welfare of mankind”. Raman was 
against the proliferation of nuclear arms, he 
said. 

Thirty-five scientists, including Dr. A. S. 
Basu, Dr. A. Bose, Dr S. Chandrasekhar, Dr. 

P. R. lyenger. Dr. N. Jayaram, Dr. S. S. John, 
Dr. S. K. Joshi and Mr. R. Mukhopadhyay 
were awarded the Raman Centenary medals. 
The Prime Minister before giving away the 
medals, unveiled a bust of the scientist and 
released the book. Journey of Light^—a bio¬ 
graphy of Raman and also the physicist’s 
collected works. The Prime Minister dedicated 
to the nation a monument that would be 
erected at 210 Bowbazar Street, the premises, 
which had housed the association’s office at 
the time when Raman was attached to it as a 
scientist. □ 

The Statesman 
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IA tiers 
to the editor 


/»■ 

' A New Type of Secondiry Radiation* 

If we assume that the X-ray scattering of the 
‘unmodified’ type observed by Prof. Compton 
corresponds to the normal or average state of 
the atoms and molecules, while the ‘modified’ 
scattering of altered wave-length corresponds 
to their fluctuations from that state, it would 
follow that we should expect also in the case of 
ordinary light two types of scattering, one 
determined by the normal optical properties of 
the atoms or molecules, and another represen¬ 
ting the effect of their fluctuations from their 
normal state. It accordingly becomes necessary 
to test whether this is actually the case. The 
experiments we have made have confirmed 
this anticipation, and show.<) that in every case 
in which light is scattered by the molecules in 
dust-free liquids or gases, the diffuse radiation 
of the ordinary kind, having the same wave¬ 
length as the incident beam, is accompanied by 
a modified scattered radiation of degraded 
frequency. 

The new type of light scattering discovered 
by us naturally requires very powerful illumina¬ 
tion for its observation. In our experiments, a 
beam of sunlight was converged successively by 
a telescope objective of 18 cm aperture and 
230 cm focal length, and by a second lens of 
S cm. focal length. At the focus of the second 
lens was placed the scattering material, which 
is either a liquid (carefully purified by repeated 
distillation in vacuo) or its dust-free vapour. 
To detect the presence of a modified scattered 
radiation, the method of complementary light- 
filters was used. A blue-violet filter, when 
coupled with a yellow-green filter and placed in 
the incident light, completely extinguished the 
^First Published in Nature, 121, 501, 1928. 


track of the light through the liquid dr vapour, 
The reappearance of the track when the yeilow 
filter is transferred to a place between it and 
the observer’s eye is proof of the existence of a 
modified scattered radiation. Spectroscopic 
confirmation is also available. 

Some sixty different common liquids have 
been examined in this way, and every one of 
them showed the effect in greater or less degree. 
That the effect is a true scattering and not a 
fluorescence is indicated firstly by its feebleness 
in comparison with the ordinary scattering, and 
secondly by its polarisation, which is in many 
cases quite strong and comparable with the 
polarisation of the ordinary scattering. The 
investigation is naturally much more difficult 
in the case of gases and vapours, owing to the 
excessive feebleness of the effect. Nevertheless, 
when the vapour is of sufficient density, for 
example, with either or amylene, the modified 
scattering is readily demonstrable. 

C. V. RAMAN 

K. S. KRISHNAN 

210, Bowbazar Street, 

Calcutta, India, Feb. 16 ^ 


A Change of Wave-length in Light Scattering* 

Further observations by Mr. Krishnan and 
myself on the new kind of light scattering 
discovered by us have been made and have led 
to some very surprising and interesting results. 

In order to convince ourselves that the 
secondary radiation observed by us was a true 
scattering and not a fluorescence, we proceeded 
to examine the effect in greater detail. The 
principal difficulty in observing the effect with 
gases and vapours was its excessive feebleness. 
In the case of substances of sufficient light- 
scattermg power, this difficulty was overcome 
*Firet pubUshed in Nature, 121, 619,1928. 
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by using an enclosed bulb and heating it up 
so as to secure an adequate density of vapour. 
Using a blue-violet filter in the track of the 
incident light, and a complementary green- 
yellow filter in front of the observer’s eye, the 
modified scattered radiation was observed 
with a number of organic vapours and it was 
even possible to determine its state of polari¬ 
sation. It was found that in certain cases, 
for example, pentane, it was strongly polarised, 
while in others, as for example naphthalene, 
it was only feebly so, the behaviour being 
parallel to that observed in the liquid state. 
Liquid carbon dioxide in a steel observation 
vessel was studied, and exhibited the modified 
scattering to a notable extent. When a cloud 
was formed within the vessel by expansion, 
the modified scattering brightened up at the 
same time as the ordinary or classical scatter¬ 
ing. The conclusion is thus reached that the 
radiations of altered wavelength from neigh¬ 
bouring molecules are coherent with each 
other. 

A greater surprise was provided by the 
spectroscopic observations. Using sunlight 
with a blue filter as the illuminant, the modi¬ 
fied scattered radiation was readily detected 
by the appearance in the spectrum of the 
scattered light of radiations absent from the 
inddent light. With a suitably chosen filter in 
the incident light, the classical and modified 
scatterings appeared as separate regions in 
the spectrum separated by a dark region. 
This encouraged us to use a mercury arc as 
the source of light, ail radiations of longer 
wave-length that 4358 A being cut out by a 
filter. The scattered radiations when examined 
with a spectroscope showed some sharp bright 
lines additional to those present in the incident 
light, their wave-length being longer than 
4358 A ; at least two such lines were promi¬ 
nent and appeared to be accompanied by 
some fainter lines, and in addition a conti¬ 
nuous spectrum. The relation of frequencies 


between the new lines and tfaose^ present in 
the incident light is being investigated by 
photographing and measuring the spectra. The 
preliminary visual observations appear to 
indicate that the position of the principal 
modified lines is the same for all substances, 
though their intensity and that of the continu¬ 
ous spectrum do vary with their chemical 
nature. 

C V. RAMAN 

210 Bowbazar Street, 

Calcutta, Mar. 8. 


The Optical Analogue of the 
Compton Effect* 

The presence in the light scattered by fluids, 
of wave-lengths different from those present 
in the incidental light, is shown very clearly 
by the accompanying photographs (Fig. 1)**. 
In the illustration** (1) represents the 
spectrum of the light from a quartz mercury 
vapour lamp, from which all wave¬ 
lengths greater than that of the indigo line 
have been filtered out. This line (4358 A) is 
marked D in the spectrogram and C is the 
group of lines 4047, 4078 and 4109 A. 
Spectrogram (2) shows the spectrum of the 
scattered light, the fluid used being toluene in 
this case, it will be seen that besides the 
lines present in the incident spectrum, there 
are several other lines present in the scattered 
spectrum. These are marked a, b, c in the 
figure, and in addition there is seen visually 
another group of lines which is of still greater 
wave-length and lies in a region outside that 
photographed. When a suitable filter was put 
in the incident light to cut off the 4358 line, 
this latter group also disappeared, showing 
that it derived its origin from the ^358 line in 

•First published in Nature, 121,711,1928. 

••Not reproduced. 


SUPPLEMENT 

■i ' ' 


68 SCIENCE AND CULTURE. NOVEMBER. 1988 



the incident radiation. Similarly, the group 
marked c in spectrogram (2) disappeared 
when the group of lines 4047, 4078 and 4109 
was filtered out from the incident radiation by 
quinine solution, while the group due to 
4358 A continued to be seen. Thus the 
analogy with the Compton effect becomes 
clear, except that we are dealing with shifts of 
wave-length for larger than those met with in 
the X-ray region. 

As a tentative explanation of the new 
special lines thus produced by light-scattering, 
it may be assumed that an incident quantum 
of radiation may be scattered by the molecules 
of a fluid either as a whole or in part, in the 
former case giving the original wave-length. 


and in the latter case an incrau«d wave-length. 
This explanation is supported by the fact that 
the diminution in frequency is of the same 
order of magnitude as the frequency of the 
molecular infrared absorption line. Further, 
it is found that the shift of wave-length is not 
quite the same for different molecules, and this 
supports the explanation suggested. 

Careful measurements of wave-length now 
being made should settle this point definitely 
at an early date. 

C. V. RAMAN 
K. S. KRISHNAN 

210 Bowbazar Street, 

Calcutta, Mar. 22. 
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CENTENARY GALORE 


J INDIANS love celebrations .iiid a bittli 

Centeuar) of a national leader is an occasion 
enough to celebrate. The \ca'' 19B1) happens to 
have a galore of birth Centenaries of national 
leaders who made definite mark in shaping the 
destiny of India. Thus the >ear 181115 was a 
momentous one having gi\en birth to so man) 
illustrious children. September marked the birth 
centenary of Dr. S. Radhakrishnan, e<luCalionisl. 
philosopher, statesman ail put togethei (See 
September issue of Science & Culture]. Now 
November resounds with the c<Mitcnaries of I’lof. 
C. V. Raman, the only Nobelist in .Science till 
now, Pandit Jawaharlal Nehru, the first Prime 
Minister of India who really cast it development 
on modern times though fiimly rooted in 
Gandhian philosophy ; Maulana Abnl Kalam 
Azad. able companion of Jawaharlal but at the 
same time independent thinker. 

For the scientific world the birth centenary of 
Prof. C. V. Raman was a unique and significant 
occasion. A prodigy, with unhmiletl curiosity 
and tenacity for learning which never diminished 
as long as he lived, started his life as a |>etty 
clerk in the finance office in Calcutta in the first 
decade of this century. His thirst for learning 
drove him in search of a suitable place to spend 
his leisure time. He found his oasis at 210 
Bow Bazar Street, the Indian Association for the 
Cultivation of Science, a place established by that 


great visionary, Dr. Mahendralal SirCar, as if it 
was founded just for Ranran. When Raman 
approached the secretary of the Association Dr. 
Arnritlal Sircar, son of the late founder, he was 
iininessed with the bright eyes and the enthu¬ 
siasm with which the request was qiade and he 
opened up the doors of the laboratory. Raman 
was overjoyed ; to him it was like getting the 
seventh heaven itself. Without hesitation, head 
o\er heels, he Started his work at the Association. 
It did not lake long for that astute Vice-Chan¬ 
cellor of Calcutta Unixersity, Sir Ashutosh 
iMiikherjee, to spot the genius in Raman and he 
ofl'ered him tin' newly Created Palit Chair in 
Physics. To meet the personal demands of 
Raman, many changes had to be made in the 
conditions of appointment. Once the university 
conceded to his requests there was nothing to look 
back and Raman bade good bye to the finance 
office, once for all, and got completely immersed 
in studies at the university and research at the 
Association. He S|>ent most of his working 
hours in these two places and, so to say- visited 
his home for minimum time. On the occasion of 
the centenary. Science and Culture has brought 
out a supplement giving different aspects of 
Raman's life and philosophy. (Supplement to 
November issue). 

The other very notable centenary and a year 
long celebrations were initiated op November 14, 



Manufacturers of ! 

LABS Brand Precision Micro, Analytical, Chemical A Ph)vloal BeUmoei A Weight 
Boies, Thcrmonatically Controlled Equipments A Petroleum A Seed Testing 

Equipments. 

SELLINO AOBNT IN INDIA 
Pot *DHONA* Single ft Double Pan Analytical Balances. 

Dealers for \ 

'Systronics’ Electronic Instruments *REMr Centrifuges 
Stirreos, ‘WEXWOX’ ft ‘OETNER’ Microscopes 

ft 

Microtoms. 

LABORATORY STORES 

8, BENTINCK STREET, Taber Mansion, 

West Block, 2nd Floor, CALCUTTA-700001. 

Phone ; 28-1103 Oram : LABSALBS 

FROM 

Traditional .Double 
Pan Balances 

TO 

Ultra Modern Single 
Pan Balances 
YOU. MW DEPEND ON 






F3R HEIR 

I SENSITVITY : CONSTANCY : DURABILITY 
Msnwfscfwred by KEROY (PRIVATE LIMITED 
Registered Office : Factory : 335, Nadeswar Varanasi-221(>02 

32, Latafat Hussain Lane, Calcutta-700085 Gram : 'Karoy' Phone : Office : 63-282 

Phone ; 35-9560 Residence : 63-346 

- T -- - - - ‘ ——- 

SCIENCE AND CULTURE, NOVEMSSI1688 






SCIENCt 
& CULTURE 

VOLUME 54 □ NOVEMBER 1988 □ NO. 11 


CENTENARY GALORE 


JNDIANS love Celel)rations and a biilli 
Centenary of a national leader is an occasion 
enough to ceiel)rate. The \car 1988 happens 1<> 
have a galore of birth Centenaries of national 
leaders who made definite mark in shaping the 
destiny of India. Thus the year 1888 was a 
momentous one having given birth to so manv 
illustrious children. September marked the birth 
centenary of Dr. S. Radhakrishnan, educationist, 
philosopher, statesman all put togethei (See 
September issue of Science iv Cuhiue). Ni>vv 
November resounds with the centenaiies of Ihof. 
C. ^V. Raman, the only Nobelist in Science till 
now, Pandit Jawaharlal Nehru, the first Prime 
Minister of India who really Cast it dcvelo))ment 
. on modern times though firmly rooted in 
* Candhian philosophy : Maulana Abnl Kalam 
Azad. able companion of Jawaharlal but at the 
►>same time independent thinker. 

For the scientific world the birth Centenary of 
Prof. C. V. Raman was a unique and significant 
occasion. A prodigy, with unlimited curiosity 
and tenacity for learning which never diminished 
as long as he lived, started his life as a jielly 
clerk in the finance office in Calcutta in the first 
decade of this Century. His thirst for learning 
drove him in search of a suitable place to spend 
his lebure time. He found his. oasis at 210 
Bow Bazar Street, the Indian Association for the 
Cultivation of Science, a place established by that 


great visionary, Dr. Mahendralul SirCar, as if it 
nas founded just for Raman. When Raman 
approached the Secretary of the Association Dr. 
Amrillal Sircar, son of the late founder, he was 
impressed with the bright eyeS and the enthu¬ 
siasm with which the request was made and he 
opened up the doors of the laboratory. Raman 
was overjoyed ; lo him it was like getting the 
seventh heaven itself. Without hesitation, head 
over heels, he Started his work at the Association. 
It did not lake long for that astute Vice-Chan¬ 
cellor of Calcutta University. Sir Ashutosh 
Mukherjee, to spot the genius in Raman and he 
ofi'ered him the newly created Palit Chair in 
Physics. T'j meet the personal demands of 
Raman, many changes had to l)e made in the 
conditipns of appointment. Once the university 
conceded lo his requests there was nothing lo look 
l)ack and Raman hade good bye to the finance 
office, onco for all, and got Completely immersed 
in studies at the university and research at the 
Asiicciation. He .spent most of his working 
hours in these two places and, so to say. visited 
his home for minimum time. On the occasion of 
the centenary. Science and Cufture has brought 
out a Supplement giving different aspects of 
Raman’s life and philosophy. (Supplement to 
November issue). 

The other very notable Centenary and a year 
long colorations were initiated on November 14, 



iXJli. llie hillhiiay of l’an<lit Jawuhailal Neliiii. 
[Ie lM.*lunf*ed iiol only Lo a slaU* of his l irlli l)Ut 
the entire country as a whole. In fact, world 
was his arena of activity and tributes poured in 
from all quarters. He was the fust Prime Minis¬ 
ter of India and who shaped the future of India 
in the right per.sj)ective to fit into the progressive 
world. The shattered economy left by the col<»- 
nial rulers had to be mended and a direction 
towards progressive improvement had to he given. 
As usually it happens, under such circumstances 
many are the advisers as there are ficihe in¬ 
tellectuals and a ixrson of action has to face 
strong criticisms. It was indmilt in the nature 
of Nehru to carry with him, even his adversaries 
and strong Critics, and make them see some 
logical reason for the actions taken. Those were 
the difficult days when he had to strive for up¬ 
holding the ideals which ho professed right after 
assuming the charge of his ollice. His disillusion 
after the Chinese attack'was obvious which struck 
at the root of his idealism! and his tired physical 
body could not give support to the weakened mind 
and he breathed his last after a short indisposi¬ 
tion in 196'1<. 

Pandit Jawaharlal Nehru was horn with a 
silver spoon and had the best of education 
that was possible during his lime. Though shel¬ 
tered from the nationalist current during his 
boyhood days when he Came in contact with 
it during his youth, it completely engulfed him. 
His father’s sympathetic attitude towards national 
leaders and his involvement in the movement gave 
the Cue to the young imaginative mind. OnCe 
fired with the nationalist spirit he never looked 
hack. The iron was put into fire and on the 
anvil of British jails it was lem|)ered to hard 
Steel. The rejieated prison life gave him the 
opportunity to think deeply over the world affairs 
and dream about India after glossing over its 
past. 

During his prison days from October 19.30 to 
August 1933 in the Naini Central prison, he was 
worried about his ailing wife and growing 
daughter whose education was suffering because 


of the lack of father’s guidance. He thought of 
a iioNcI method to make up the latter deficiency 
by writing lo Indira regular letters with lessens 
on history which have become famious as Glimp¬ 
ses of World History. Since physical inactivity 
leads to introspection and varying moods, these 
letters reflect them in different forms and give 
jiersorial l«)uch which is unique to Jawaharlal 
INehru. In the introduction to llu^ first edition 
he Cautions the historians : “I am afraid that 
the changing moods are very apparent in these 
letters and the method of treatment is not objec¬ 
tive of a historian.” Yet children, even today, 
enjoy reading this most readable book and gather 
knowledge. 

Similarly when he was imprisoned in the 
Ahmedabad fori during the wartime (following 
Quit India movement) along with many leaders, 
Nehru’s introspection further matured. With his 
colleagues from all regions of India, sjieaking 
different languages and following different reli¬ 
gious faiths, Nehru did discover a unified, inte¬ 
grated India. During the four months—April to 
September 1944, he wrote the well circulated 
book ‘Discovery of India’. Amongst his many 
Colleagues in the same jail was Maulana Abul 
Kalam Aaad, a learned person in classical lan¬ 
guages and of high erudition. Though many of 
his Colleagues read the manuscript of the Dis¬ 
covery of India, Nehru Specially mentioned in 
the preface about Maulana : “I should like lo 
mention esjoecially Maulana Ahul Kalam Azad 
whose vast erudition invariably delighted me and 
sometimes akso rather overwhelmed me.” 

Maulana was older to Nehru by just three days, 
as we celebrated his Centenary on November 
11th. 1988. His autobiography printed quite 
sometimes back has a few pages missing which 
according to his will were to be opened up and 
made public last year. There were scathing re¬ 
marks about some of his colleagues during the 
negotiations for independence and partition of the 
Country. As these statements are seeing the light 
of the day after so many years wh*ln the per¬ 
sons concerned are not alive to verify the 
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authenticity, it slays as a opinion oi' a single 
individual about the events of the day and the 
historians will hesitate to draw any conclusion. 
But for this rancour created in the centenary 
year, jreople regard Maulana in high esteem for 
his sacriface and intense love for the Country. 
His contribution to post independent India will 
be remembered for a long time. 

Nehru’s term as a prime minister and the 
achievements have been reviewed by many who 
were close lo him and had first hand know¬ 
ledge. To quote from the Comprehensive bio¬ 
graphy of Nehru by Dr. S. Gopal : “As his 
prime ministership drew lo an end, Nehru could 
claim that under the plans, national income has 
increased I>y 12 per cent, food production by 16 
per cent and industrial production by 94 )[)er 
Cent. iJespite an increase of 21 per Cent in 
population, food consumption had risen from 
1,800 lo 2,100 calories i>er Capita and use of 
cloth from a little over 9 yards per year j)er 
head to 11..') yards, it is only since mid sixties 
there had been nolicable declaration in the pro¬ 
cess of growth. Above all Nehru made certain 
objectives so much a part of the general cons¬ 
ciousness of India that they can today be taken 
for granteil even if they have not been as yet 
fully attained—unity, democracy, civil liberties, 
secularism, a scienlihe and international outlook, 
planning to realise the vision of socialism. He 


^ provided India with a rich and many aided 
* social morality”. 

Many are the books that have Come out re¬ 
garding the life and achievements of these great 
sons of India. Some highlight their achieve¬ 
ments and m doing so try to bring down the 
achievements of other persons of yester years. 
Some try to throw light on weaker points of 
these leaders which should have been honoured 
as private affairs. The books might have become 
sensational and attained Commercial success but 
will not have long term value. Our scriptures 
and heritage leach us that we should take only 
the good points from others, because they are 
the ones which have to be emulated. After all 
these groat men were also hunian beings and 
they had their weakness of the species. It is the 
good that lasts long and generally people like 
to respect positive values. 

To conclude this write up on Centenary galore 
1 Cannot resist myself lo quote from V. K. R. V. 
Kao's book on ‘I'he Nehru legacy’ : 

“Unwilling to hurt or wound, with no sense of 
seif or personal aggrandisement he made of his 
life a trust for the nation and indeed for all who 
were poor or lowly or disinherited wherever 
they were found. He believed in science and 
glorified its achievements, but science and techno¬ 
logy were only handmaidens. His mistress was 
the people and their services was his worship.” Q 

B. B. Baliga 
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ASTROPHYSICS AND SMALL OBSERVATORIES 


J. C. BHATTACHARYYA* 


many years aj^o impoilaiil discoveries in 
asironoiniy or astropliysics used to originate 
from small observatories ; the moiiopol) of giant 
leleSCoi^s in cornering all the glories of neu 
iiiidings was not absolute. Today, the position 
is not so encouraging for the small observa¬ 
tories ; most of the new disCoveiies come from 
the giant telescopes or the roving eyes of the 
spacecrafts, seeing in extra-visible radiation^<. Ihe 
roof-top amateurs of yesteryears are facing strong 
obstacles in their efl’orts. The situation is ralbei 
critical in our country, where the ohl school of 
amateurs are passing out of the scene, leaving 
a void in our national scientillc endeavours. 
The culture of science, the pursuit of pine basic 
knowledge, had always giown on efforts of gene¬ 
rations of scientists ; such gap in the nature's 
endeavour is a matter of deej) concern. 

Two main reasons for this discouraging trend 
are fi.) gradual deterioration of the enviion- 
mental conditions and (iil increase<l com|)etitions 
from professional groups. A third reason, which 
is not an independent one, but a natural Corollarv 
of the main two, is the growing disinterest about 
such efforts among the young generation. 

Environmental conditions arc indeed bad. In 
urban centres of population, one does not sec 
the starstudded vault of the night sky ; only the 
yellow canopy of the scattered city light is seen 
above. Except for tin* bright objects like the 
moon, bright planets and a few stars, existence 
of all other sources remains beyond our recep¬ 
tion limits. It is difficult to expect a Community 
of astronomers under such circumstances. 

But yet, the position is not so hopeless. Away 
from the large cities, there are plenty of places 
where views of the starstudded sky may l)e seen 
as before. Air pollution, perhaps, has increased 
over the decades, but so has the advance of 
technology. Amateur astronomer of today can 


UM- pholo-delectors in affordable prices, which 
aie millions of times more sensitive than what his 
predecessors Could dream of possessing. O 4 the 
wliole, small observatories of today Can be much 
belter equipped than one Could hope a Couple of 
decades ago. Objects which used to be faint for 
small telescopes, are now well within their reach. 

(Jomjjetitions from professional astronomers, 
with moie powerful instruments are real, as a 
irSull of which, the j>ainstaking efforts of small 
ohservaloty scientists, in solving aspects of 
iasliionable fields like the ipiasar or pulsar re- 
seaich may he fruitless. Bui there are seveial 
fields 111 astronomy and astrophysics, which aie 
neglecled i)y big uhseiv atorics ; not because, 
they are iminleiesled. These ptogrammes demand 
much longer hours of observations, which Can¬ 
not he accommodated in llie observation routines. 
Small observatories with much less ciowded pro- 
giams, have a definite advantage in this aspect. 

1 am going to discuss several such programs, 
which may he piolilaltlv followed by Small 
ohseivatotios. hi matteis of discoveries, thev 
stand better chances of success, because the im¬ 
portant element in such events is the alertness 
of the observers, which is expected in plentineSS 
of committed ohsei vers in smfall places. Now- 
a-days. about dozen new comets are discovered 
every year : half of them are by amateur oh- 
.servers using Small telescopes. Even the only 
bright Sujiernova in four hundred years, was 
discovered through a ten inch telescope, not 
through the array of large telescopes operating 
nearby ! 

There are several ])rograms which may be 
adopted by scientists in olvservatories with mo¬ 
dest equipment. A telescope size of 8 to 10 
inches (20 to 25 cins) aperture will be adequate 
for most of the programs ; with H 10 16 inches 

‘ Indian Institute of Astrophysics, Bangalore-560 034. 
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size telescope operations will be a lot more easy. 
Essential focal plane instruments may consist 
of u focal plane film/plate holder, for photo¬ 
graphy, and a solid stale detector photometer for 
photometry. 

Most useful photographic program will be 
survej of Selected regions and list variable and 
high velocity objects. One may look for vari¬ 
able stars, high proper motion objects, like aste¬ 
roids. The process will be slow, it will take a 
few' jears before any discovery can result. And, 
of course, there are always chances of stumbling 
upon a new nova, or perhaps another, yet 
brighter Supernova. 

riie photoelectric programs will l>e more exci¬ 
ting. One may choose transient events like 
occidlations, or regular Systematic Studies t)f 
variability of brightness. In the first case, one 
may adopt a regular program of lunar oCCulta- 
lion observations and record light curves, from 
which diameters or duplicities of some stars 
Could be determined. There are certain points 
of advantage ft)r the small observatories in this 
(ixpeiiment ; only bright, large diameter stars 
are measured by this technique, and small aper¬ 
ture telescopes give cleaner records. In fact, 
one cannot use large telescopes for this experi¬ 
ment without reducing the aperture hv stops. 
The iiifoimation thus obtained are extremely 
valuable, as no other direct methoil (except 
some under development t (xists which can do 
these measurements, and diameters of many 
stars still remain to be accurately determined. 

Lunar occultation observations are important 
in g€^odesy and selenography as well, and its data 
are eagerly sought. The predictions can be done 
by calculations with a hand-calculator and are 
remarkably accurate. I feel that these experi¬ 
ments are of the type which Can create interest 
and excite enthusiasm in young minds. 

Planetary occultalions are rarer, and the 
photometric data more valuable. Many a time, 
clouds intervene such observations, and these 
rare chances are lost. A large enough network 
of small observatories, is the obvious answer to 


these difficulties, ^ig astronomical institutions 
in developed countries have mobile effiservatories 
to cover these events. In the U.S., NASA has a 
complete aircraft, the Kupier Airborne Observa¬ 
tory fitted with telescope and other focal plane 
instruments for these observations. 

Another pioneering type of observations is 
possible by a network of small observatories. 
Minor bodies of the solar system often occult 
distant stars ; the occultation light curve can 
provide answers to many questions about these 
bodies. Their shapes and sizes, for example, are 
only Speculated from indirect observations ; a 
closely knit network of occultation observers 
can provide direct measurements. A few suc¬ 
cesses in these tyjjes of events have been achieved 
recent 1) by mobile observing teams but many 
more events pass away unobserved every year 
over the earth’s surface. 

.Some of oui present day scientists are not 
interested in making discoveries of commonplace 
celestial objects. They may be looking for Some 
imkiiowii physical processes involving very high 
energy particles or the quar^-gluon plasma. 
Strange it may appear so ; but even the Small 
telescopes of today are capable of producing 
experimental results irivolving such reactions. 
Several classes of vaiiable stars, dbpiay unusual 
emissions and tbeii variation characteristics. 
Cataclysmic variables includle peculiar phases 
of evolution ol binary Stars, where extremes of 
physical conditions are attained resulting in emis¬ 
sion of electromagnetic radiation over extended 
bands. Highlights of the drama are hidden in 
hursts of X-rays, but the physical processes 
leading to such bursts are betrayed by irregular 
or quasi-periodic light variations. These stars 
are generally faint, but the new developments in 
technology in the form of micro-channel plate 
image intensifiers can bring these within the 
reach of small telescopes. The Complex way of 
light variations can be faithfully recorded, 
checked against various models and modifications 
introduced to explain enigmatic bursts. The idea 
of mass flows, accretion discs and hot spots has 



Come in order to explain peculiar shapes of light 
curves, and those opened up new thoughts in high 
energy physics. 

Astronomical observations, over the ages have 
opened up man’s ideas and visions of nature and 
the universe. In recent past several such ins¬ 
tances of astrophysical information opening up 
new chapters of physics have occurred. The sub¬ 
ject of magnetohydrodynamics has grown around 
solar Coronal and distant radio source structures ; 
the ideas of level—pumping, population inversioji 
and generation of maser sources came to ex¬ 
plain unusual strengths of some inlerstellai 
lines. The physicists have to delve deep into the 
mysteries of nuclear matter in order to explain 
Certain observed peculiar characteristics of fast 
pulsar light curves. Observational proof of the 
existence of weird features like black holes is 
being sought, and it is only a matter of time 
before that is achieved. 

In our efforts to understand basic laws of 
nature, astrophysical observations have several 
short conunings, compared to laboratory experi¬ 
ments, but they have many advantages too. The 
main point is that while laboratory exj>eri- 
ments have to be severely restricted within 
parameters capable of creation by technologies 
developed, astrophysicists can choose their sam¬ 
ples from an infinite variety of objects, ope¬ 
rating under unimaginable extreme physical 
conditions. A few million degrees hot plasma is 
a tall order to be fulfilled in the laboratory, 


but one can choose thousands of objects in the 
sky which are hotter and get important obser¬ 
vations. Some of the very high energy Cosmic 
ray particles reach levels upto 10^“ eV ; the 
biggest accelerators on earth can somehow reach 
a millionth of this value. It has been estima¬ 
ted that a linear accelerator aiming to produce 
such particles should stretch from the earth t# 
the sun—an obviously impossible task, with our 
present day technology. 

Large lelescojxjs extend our reach, provide 
with more samples for study of particular prob¬ 
lems, but are not essential where the question of 
using new ideas to understand specific manifes¬ 
tation of nature is involved. What is important 
is a thorough familiarity with the various known 
objects in the universe, so that whenever any 
particular question in fundamental science arises, 
we must know where to look for possible indi¬ 
cations. If the Celestial samples are faint, far¬ 
away and rare, large telesco|jeS capable of 
spotting them do exist in our Country, and the 
authorities will be too glad to accommodate such 
bold observational programmes, seeking to un¬ 
veil any part of our enigmatic universe. But the 
exerci.se must begin with small instruments, and 
familiarity with the skies must start. It is eesen- 
lial that free minds, unfettered by any of our 
earlier prejudices, should be able to Consider new 
questions, suggest alternative ideas, and have 
access to the entire universe for verifying their 
Convictions. □ 
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PALYNOLOGICAL RESEARCH IN EASTERN INDIA WITH 
REFERENCE TO RESPIRATORY ALLERGY AND PAST CLIMATE 


KASHINATH BHATTACHARYA’ and SUNIRMAL CHANDA” 


the science of palynology deals with the study 
of various aspects of pollen-grains and spores. 
Pollen grains, the haploid microscopic male re¬ 
productive units of flowering plants, are generally 
produced in large quantities. The variations in 
pollen wall (exinej structures and sculptures 
together with the variations in number, position 
and character of germinal apertures in the wall, 
and shape provide the morphological diversities 
of the grains at the Specific, generic or family 
level. After maturity, pollen grains are liberated 
and carried by wind, insects or other animal 
vectors or by both, of which only one is utilized 
for fertilization. The rest are diS|>ersed in various 
ways and are suspended in the air for some¬ 
time. This phenomenon enables palynologists to 
study their role in human health ; thus, a new 
branch of palynology i.e. Aerobiology came into 
being. It is now a well-established fact that some 
pollen-grains and spores are responsible for 
human respiratory allergy or seasonal rhinitis. 

The exine of pollen-grains and spores are 
highly resistant to decay due to the presence of 
a highly complex chemical substance popularly 
styled ‘Sporopollenin’, an oxidised copolymer of 
carotenoids and carotenoid esters. This acts as 
a key point to the palynologists because the 
fossilised but well-preserved pollen-grains help 
in the reconstruction of the past vegetational 
history and also for the interpretation of the 
depositional environment in terms of the present- 
day known ecological status of the plants. Based 
on the depositional pattern of the fossil pollen- 
grains and spores, the palaeo-environraent, 
palaeophytogeography, plant evolution, biostrati¬ 
graphy, dating of ages, etc., of a particular place 
can be established. A new branch of palynology 
i.e. palaeopalynology has been developed dealing 
with the fossil pollen-grains and Spores of both 
Quaternary and pre-Quaternary deposits. 


Aerobiology 

The pre-requisite for atmospheric pollen studies 
is a Sound knowledge of the ground flora and 
a well-stocked pollen herbarium. The atmos¬ 
pheric pollen-grains are generally trapped either 
by using the gravity-slide method or by volu¬ 
metric-air samplers. The identification of the 
dispersed pollen is mainly done on the basis of 
comparison with the recent reference slides of 
pollen-grains made of the regional flora. It has 
been established that the anemophilous pollen- 
grains are lighter and are produced in larger 
quantities where the exine surface is generally 
smooth, whereas the pollen produced by the 
entomophilous plants are relatively larger, hea¬ 
vier with various types of exine ornamentations 
and are produced in a lesser quantity. 

Respiratory or naso-bronchial allergy caused 
by pollen-grains is a very commpn disease. The 
tropical, temperate and coastal flora of India is 
So rich and diverse that it poses problems for 
the identification of air-borne pollen grains. 
Since the publication of Cunningham’s’ monu¬ 
mental work on the occurrence of air-borne 
organic matters in the atmosphere of Calcutta, it 
is after a long pause that enthusiastic workers 
in different parts of India revived interest in 
aerobiological research. Systematic aerobiologi- 
cal investigations in relation to respiratory 
allergy in Eastern India were initiated and suc¬ 
cessfully performed by Chanda and his co- 
workers®”® in the Bose Institute, Calcutta. 

The atmospheric pollen-survey of some selec¬ 
ted biozones of West Bengal and neighbouring 
states has been done in details. The biozones 
were selected on the basis of topographical, eco¬ 
logical and climatic conditions. The tropical 

* Dept, of Botany, Visva-Bharoti, Santiniketan-731 235. 
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zones incliiclr (^nlciitta, Kalyani, Oiirgapur, 
JhalHa, Jalpaiguvi and (iuucli Kcliar tvhich 
Covered from llie foothills of Eastern Himalayas, 
Darjeeling, Kurseoiig and Gangtok from higher 
altitudes of the stations of Eastern Himalayas 
and Agarlalu from 'I'ripura. 

'I’he accumulated data reveal«Ml that allergeni- 
cally highly potent grass pollen-grains dominate 
in almost all biozones (Fig. 11. 'I'he other 
allergenic pollen-grains originate from Acacia 
auriculiformis, Amaranthus spinnsus, Azudirachta 
mdica. Cocos nucifera, Carica fHtpaya, Cassia 
fisiula, Casuariaa e<iuisetifolia, Chenopodium 
album, Lanlaim camara, Manf^ijc.ra indica, Trema 
orienlalis, Xanthiurn strumariuin, etc. Darjeeling 
and Kur.seong atmosphere was infested Ity two 
highly allergenic pollen namely Alnus nepaleusis 
and Belula alnoides < Fig. ll. In addition to 
some coniferous pollen-grains, curiously such 
temperate pollen-grains also recorded fiom the 
air of Cooch Behar and Jalpaiguri at the foot¬ 
hills, may he due to long-distance transport 
from the Eastern Himalayas. 

The magnitude of the problem related to 
atmospheric biopollution and allergy in India 
is alarming. Respiratory allergy or asthma, so 
far cortsidered to be incurable if caused by 
pollen-grains. Can now be tackled. To effect pre¬ 
vention, the following measures may be adopted ; 

(11 Eradication of generally offending plants 
and selecting trees for planting properly Suited 
to the climate, hut at the same time avoiding 
those which produce allergic pollen grains. 

(2) Removal of patients from the place of 
habit to other places where Such offending plants 
do not grow. 

(.3) Clinical application : Antigenicity of 
different air-borne pollen besides other inhaleni 
allergens are tested by a standard clinical method, 
namely skin test on susceptible individuals. 
Desensitization, with \acclne prepared with 
allergenically significant pollen-grains, produce 
appreciable im|)rovement in susceptible patients. 

Ptlacopalynology 

The application of palvnology in the studies of 


Quaternary and pre-Qualornary \ogetatiaiial his¬ 
tory and biostratigraphy however, has the poten¬ 
tiality of uiularslanding the past vegetation and 
climate. Piecise datings of the strata, in con¬ 
junction with vegetational history, may be ob¬ 
tained by employing radiocarbon methods for 
Quaternaiy deposits. Normally, the Quaternary 
niicrofossils ucciii in the Sediment in a well- 
preserveil Condition having practically no differ- 
enC«‘ between lossil and living pollen-grains 
due to their proximity to the immediate geo¬ 
logic jiasl. The pre-Quaternary pollen types, 
when- ihe lelationship of fossil and living plants 
is uncertain, the fossil taxa are referred to form 
genera and form species. However, palynology 
may also throw light on the afforeslalion or defo- 
leslation phenomena in relation to pre-historic 
life-forms leflected b\ agiiciiltural activities and 
forest clearances. 

Since the first successful <lemonstration by 
I.ennarl von Post*" of its ajiplicalion, this subject 
has been widely useil by botanists and geologists 
all oM'r the world. However, some Quaternary 
Sediments have been pollen-analytically investi¬ 
gated in Eastern India, e.g. Bengal Basin and 
I'pper Brabmaputia Basin 

I'he pollen-grains recovered fiom the sub- 
surlaCe |M!als of Calcutta and adjoining areas 
indicate a t\[»ical swampy mangrove vegetation 
in aiul aiouiid Calcutta about 7000 years befote 
present resemi ling the |)resent-day vegetation of 
the Sundeibans (Fig. 2'. {'onlinued river sil 
ling, occasional mild tectonic movements and 
increase in population have induced a sou'bwarc 
migration of the forest. 

The Quaternary vegetation of Brahmiputia 
Basin in Epper Assam was quite distinct and 
different from the prevailing tropical climate 
(Fig. 21 about 12.210 to 17,0.30 Y.B.P. The 
places of higher altitude of Eastern Himalay is in 
Assam territory w'ere not affected by direct gla¬ 
ciation. Nevertheless, the plants bear the churac 
ters of temperate /siih-tropical climate. This is 
probably due to the influence of West Himalayan 
glaciation and its refiigeration impact on other 
neighbouring high-altitude areas. The Carya- 
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Plcrucurya-Tsuffu assucialion indicates a ly|iical 
flora of INorth-East Asia especially that <»f Japan 
possibly, suggestin'; a tians-niigratoiy route be¬ 
tween India and Japan during the lime of 
deposition. 

In future, more emphasis should be given to 
Such studies because fossil pollen-grains have 
much greater advantage over the megafossils by 
virtue of the fact that only a little quantity of 
the samples are sufficient to unravel the past 
vegelational and climatic hislorv. q 
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Notes and nevv^ 

Need for an Institate of Lighting and 
Vision Research 

After food, clothing and shelttr light is the 
fourth necessity of life in the modern society of 
to-day. Since the days of cave man natural 
light has been used for both outdoor and 
indoor Work. But working time had been 
limited to daytime only during those days. 
With the growth of civilisation man has learnt 
to develope and use artificial light sources like 
oil lamp, candle light and gas-light as a substi¬ 
tute for daylight during night-time. While oil 
lamps and candles have been used indoor gas 
light has been used primarily in street lighting 
and other outdoor areas. Since the invention 
of modern incandescent electric lamp by 
Edison and Swan simultaniously in 1879 there 
has been a revolutionary change in our social 
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life. Our working hours are no longer limited 
10 day-time only. Factories all over the world 
are operating to-day round the clock through 
24 hours of the day with the advent of the age 
of electric lamps of different type.'. The 
Ediswan carbon filament lamp has been foll¬ 
owed by the development of low pressure 
tubular ftuorescent lamps, T/Halogen and 
other discharge lamps, e.g. high pressure 
mercury vapour, low pressure sodium, high 
pressure sodium, and metal halide lamps. 
Because of the availability of these highly 
eflBcient modern light sources our day-time 
activities outdoor are being carried out by 
night too. Thus we are to-day watching soccer 
matches by flood-light during the evening too. 
Even India to-day can be proud of having 
more than one stadium of international stan¬ 
dard-prominent among them are Nehru 
Stadium in New Delhi and Yubabharati 
Stadium in Calcutta. This is the blessing of 
modern technology in the field of lighting. 
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to terms of eMoiency near by :200 im/watt 
has been achieved in the case of low pressure 
sodium lamp against 2 Im/watt for the Edi- 
swan carbon filament lamp. Colour of light 
has also been improved witb the newer metal 
halide lamps which give sunlight/daylight 
appearance. All these have been achieved 
only in the advanced countries, specially, the 
UK, the USA and Germany, of the world. In 
India, we are manufacturing all those lamps 
except metal halide. But they are all based 
on imported technology and machineries/ 
equipment. 

Lighting as such covers a fairly wide field. 
The wide range of activities may be outlined 
as follows : 

I. Production of light sources, 

II. Applications of light sources—indoor 
and outdoor, 

(a) Production of luminaires ; (b) Lighting 
Design, 

III. Measurement & Testing—Photometry 
and 

IV. Light, Vision and Work. 

In India, following the British model of 
scientific research CSIR laboratories carry out 
research in the various fields of science and 
technology. As ii the Building Research 
Station, Garston, England, daylight research 
is being carried out in the Central Building 
Research Institute, Roorkee (UP). NPL has 
been conducting routine photometric measure¬ 
ment and testing. But Indian lamp manufac¬ 
turers are not carrying out any R & D work 
in the field of lamps and artificial lighting as 
is done bv the leading lamp manufacturers in 
the advanced countries. Only Photometry 
Laboratories are being operated by NPL and 
some leading lighting companies in India. The 
present status of lamps and lighting has been 
achieved by the leading companies like G. E. 
and Westing House (USA), GEC, Thorn and 
AEl (UK); and Philips ( Holland) mainly. 
This includes work on visual performance and 


lighting design to some extent. The major 
investigations in the field of application are 
being carried out by the Electrical Engineering 
and Architecture Deportment of the Universi¬ 
ties and the Polytechnics in the UK, USA and 
elsewhere. The problems being tackled involve 
visual and task performance and lighting 
design National Codes for Interior and Exter¬ 
ior lighting have been prepared by the respec¬ 
tive Illuminating Engineering Societies on the 
basis of the results of subjective studies. So 
far, similar Indian Codes of Practice have been 
prepared on the basis of their results or 
International Codes are being used in some 
cases, e.g. sports lighting. Since the oil crisis 
of the seventies more attention has been given 
to energy effective lighting. Besides the lighting 
companies some public institutions abroad are 
actively engaged in innovation daylighting and 
artificial lighting. AERE/BRS (UK) and Uwr- 
ence Berkeley Laboratory (USA) are leaders in 
this field. 

Fundamental researches involving interac¬ 
tions of light, eye, task and brain for under¬ 
standing the basic principles of light, vision 
and work are also being carried out by the 
Institutes of opthalmology and the Schools of 
Medicine in the UK and the USA. This is an 
exciting field where the participants are 
physiologists, opthalmologists, biochemists, 
neurobiologists, psychologists, and lighting 
technologists. 

Considering the above picture in the absence 
of similar research facilities in India we need 
a ‘Central Institute of Lighting and Vision 
Research’ in the immediate future. Instead of 
embarking on a huge infrastructure the nucleus 
of such an Institute may be set up at Calcutta 
between the University College of Technology 
and Jadavpur University. Later on IIT’s and 
other universities may collaborate. While the 
lamp development and measurement projects 
may be started in the Electrical Engineering 
Department of Jadavpur University Applica- 
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iion Aspects* and fundamental studies, as 
mentioned above, may be studied in the 
University College of Technology complex. 
The latter is the most suitable place for 
creating an inter-disciplinary school of 
research involving the Departments of Applied 
Physics. Physiology, Biochemistry, Psychology 
and the Institute of Radiophysics and 
Electronics. □ 

S. K. Guha 

PM allays fears over nuclear power plants 

The Prime Minister, Mr. Rajiv Gandhi, 
said here today that the Government would 
not allow the operation of nuclear plants 
which emitted radiation equivalent to those 
emitted by thermal power stations. Nuclear 
energy was the cleanest power available and 
there was no doubt about it. 

The Prime Minister’s remarks came in the 
context of opposition from some fishermen 
villages to the location of the proposed 
Soviet assisted nuclear power siation at 
Koodangulam in Tirunelveli district. Two 
plants of 1000 MW each are proposed to be 
set up here Mr. Gandhi’s attention was also 
drawn to the courting of arrest by the Pejawar 
Mutt Swamiji against the proposed nuclear 
power plant at Kalga in Karnataka. 

Mr. Gandhi said there was some radiation 
even in the thermal plants. The indigenous 
technology and Soviet technology to be 
acquired for the Koodangulam nuclear power 
project had a double encasement for stringent 
safety. There would be no repetition of a 
Chernobyl in India in the case of any mal- 
unctioning of the plant, he asserted. □ 

The Hindu 

Himalayas may be twice as old 

The highest mountain system on earth, the 
Himalayas, may be twice as old, deep sea 
drilling experiments in the Indian Ocean have 


revealed. Till now, these mountains wefe 
believed to be 10 million years old. Now it 
appears that they had begun to form about 10 
million years earlier. 

The deep sea investigations were carried 
out by West German geologists, in cooperation 
with 23 other scientists -from eight, other 
nations, in a special project organised by the 
German research association, Deutsche. For- 
schungsgemeinschaft (DFG). The work was 
conducted within the framework of the Inter¬ 
national Ocean Drilling Programme (lODP). 
Drilling undertaken in 1987 by the vessel 
‘Joides Resolution’ in the region south of Sri 
Lanka served as the basis of the investigations. 

The borings brought up sediments of the 
finest rock components products of weathering 
transported from the Himalayas by the Ganges 
and Brahmaputra down to the mouths of their 
deltas. These rock components reach deep 
into the ocean as turbidity currents and 
finally sink to the bottom. This continuous 
process, spanning millions of years, led to the 
accumulation of sediment deposits, spreading 
much further south from the Bay of Bengal. 
They lie on a hard basaltic crustal mass 
formed from volcanic eruptions that consti¬ 
tutes the so-called Central Indian Ridge. This 
ridge is part of the global 60,000 km long 
mid-oceanic ridge system, a testimony of the 
new formation of the earth’s crust. The crust, 
where the present drilling work is being 
carried out, has spread northwards at the rate 
of a few centimetres a year from the Central 
Indian Ridge. 

The scientists studied the overlying layers 
of sediments in terms of their components on 
board the vessel’s research laboratories. The 
age of the rocks could be determined with the 
evidence gathered from shells and skeletal 
remains of dead marine micro-organisms. 

The geological history of the'region, as 
believed by most geologists, dates back 140 
million years ago, when India was still part 
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of a gigantic continent in the Southern 
Hemisphere called the Gondwanaland (the 
name stems from the tribe of Gonds who lived 
in pre-historic India). For reasons unknown 
till today, this landmass broke up into frag¬ 
ments forming the various continents. India 
moved northwards with wide arm of the ocean 
named Tethys. 

Sixty million years ago the Indian mass 
collided with the Eurasian landmass ( compri¬ 
sing Europe and Asia\ The Indian Ocean 
receded from India, resulting in the disappear¬ 
ance of the Tethys. In the period that followed 
the pressure exerted by India against Eurasia 
increased and led to the upliftment of the 
earth's crust at the fissure between the two 
continental landmasses and this uplifted mass 
is what we now see as the Himalayas. The 
finding of the deep sea project now dates this 
upliftment to 20 million years ago. 

Continuous process : The key to the oro- 
genical history of the Himalayas lies in its 
products of erosion which reached the ocean 
over millions of years and part of which were 
deposited at a distance of over 3,000 km from 
the place of origin. This process of erosion, 
according to geologists, will continue for over 
hundreds of thousands of years until finally 
these grandiose mountains are reduced to the 
levels of the plains. 

The ICDP, a geological cooperative project, 
at present scheduled till 1993, aims at geolo¬ 
gical investigations of ocean floors. Its list of 
participants includes the USA, the Federal 
Republic of Germany, France, England, 
Canada, Japan and a consortium of 12 Euro¬ 
pean nations under the European Science 
Foundation. □ 

The Hindu. 

PM calls for ‘Indianising’ science 

“It is ironic that the Raman Effect has 
found a wider applications in the West than 
in the country where it was discovered,” the 


Prime Minister, Mr. Rajiv Gandhi, said at 
Calcutta on November 2. 

In our country we have failed to link the 
laboratories to the developments for the 
welfare of the people. The nexus between the 
laboratory and industry is so weak that re¬ 
search takes a very long time to reach indus¬ 
try. Hence industry takes the option of taking 
technology from abroad than depending on 
indigenous technology,” Mr, Gandhi said. 

He was inaugurating the Sir C. V. Raman 
Birth Centenary celebrations and the diamond 
jubilee of the discovery of the Raman Effect in 
1928. 

Mr. Gandhi quoted C. V. Raman as having 
said that though he had tried to build up 
good science in India he had been depressed to 
find that what had resulted was a legion of 
Camp followers of the West. “There is this 
ever present danger of falling prey to alien 
standards,” the Prime Minister cautioned. To 
prevent such a situation, Raman’s approach of 
Indianising science was usefu^. 

Admiring Raman’s love of nature from 
which sprang his scientific genius, the Prime 
Minister said the great scientist regarded 
nature as his true guru. “When we despair 
at our inability to expand and direct the 
curiosity of the younger minds, it is the failure 
of our education system,” he added. 

There had been a quantitative expansion 
of the education system but with a clear 
deterioration in quality. “What is needed is 
a significant improvement io the teaching of 
science. Scientific progress combines indepen¬ 
dent thinking and the right kind of environ¬ 
ment and this is what needs to be provided,” 
he said. 

The centenary celebrations of Sir C. V. 
Raman is being held under the auspices of the 
Indian Association for the Cultivation of 
Science (IACS). Calcutta, where a major part 
of the Nobel Laureate’s research work was 
carried out. It is being co-sponsored by the 
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Indian Academy of Sciences, Bangalore, which 
Raman founded and the Indian National 
Science Academy (INSA). 

Raman’s birthday is November 7. But 
November 2 is the birthday of the philanthro¬ 
pist and visionary Dr. Mahendralal Siroar 
who founded the lACS in 1876. The inaugural 
function was, therefore, held today to combine 
the two occasions. The inaugural was origi¬ 
nally scheduled for the morning but due to the 
beginning of the winter session of Parliament 
today, it was shifted to the evening to enable 
the Prime Minister to attend it. 

The Prime Minister unveiled a bust of 
Raman sculpted by Chintamani Kar and this 
will be installed on the lACS campus. 

The Prime Minister dedicated to the nation 
a monument to be built at the place where 
Raman did his epoch-making experiment—210, 
Bowbazar Street (now known as Bipin Behari 
Ganguly Street), Calcutta. 

The Raman Centenary Medals were awar¬ 
ded to about 40 distinguished Indian scientists. 

Earlier, Prof. C. N. R. Rao, Chairman of 
the National Committee, said that Raman was 
the greatest experimental scientist India had 
produced. 

Prof. Obaid Siddiqui, President of the 
Indian Academy of Sciences, said that Raman 
was “scientists scientist.” 

Dr. A. S. Paintal, INSA President, referred 
to the highly independent manner in which 
Raman did his research and said that there 
was a need to cultivate this independence of 
our predecessors.” □ 

The Hindu 

New Technologies for Augmenting Edible 
Oil Supplies 

The Technology Mission on Oilseeds of the 
Government of India strongly believes that, 
apart from implementing measures to increase 
the production of oilseeds in the country, there 

S6« 


is scope for an increment in the availability of 
edible oils from the already known sources 
through the relevant innovative technologies, 
waiting to be exploited. 

The second Micromission on Oilseeds 
mainly deals with the postharvest and process¬ 
ing technology under the leadership of the 
Council of Scientific & Industrial Research 
(CSIR), New Delhi. It aims at (a) developing 
modern integrated processing technology for : 
major oilseeds, minor and unconventional oil 
bearing materials for edible use, (b) more 
efficient recovery of oils from oil bearing mate¬ 
rials—improvements in ghanis and expeller 
units, (c) upgradation of oils to edible grade 
and (d) upgradation of oil cakes and extrac¬ 
tions. In the field of handling, storage and 
processing, the CSIR and its constituent 
laboratories, especially Central Food Techno¬ 
logical Research Institute, Mysore, Regional 
Research Laboratories at Hyderabad, Jammu, 
Trivandrum, Central Mechanical Engineering 
Research Institute (CMERI), Durgapur, and 
Structural Engineering Research Centre 
(SBRC), Ghaziabad, would provide modern 
technology to evolve standard designs for 
storage in extending shelf-life and new pro¬ 
cessing techniques to improve the efficiency of 
oil extraction and for better utilisation of 
oilseed meals to produce ivariety of highly 
nutritious and delicious value-added products. 

About the postharvest technology, the 
authorities of the Technology Mission on 
Oilseeds remarked that the CFTRI has moved 
swiftly to develop more efficient sunflower and 
mustard processing technologies and innova¬ 
tive and better rice bran stabilisation techni¬ 
ques. Presently, the country is losing five-lakh 
tonnes of oil of the value of Rs. 1,200 crores, 
which could be almost eliminated by more 
efficient handling, storage and processing. The 
CFFRI, based on its research experience, has 
adopted an integrated approach, involving 
proper storing, cleaning, sorting, size-grading. 
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dehulliog and decuticline of most oilseeds so 
as to eliminate the unwanten materials and to 
produce higher yields of good quality oil and 
edible grade cake suitable for fooduses. The 
technologists have been convinced that the 
emerging new technologies will hold the key 
for augmenting edible oil supplies in the 
country. 

The sunflower seed, the newly emerging oil 
treasure of India, is becoming popular in the 
country, although its share in the total oil 
supplies is estimated at 2—3 per cent pre¬ 
sently. Its oil is of good quality and is fit for 
deep fat frying. Removal of husk from the 
seeds improves both the quality of oil and the 
cake. The presence of chlorogenic acii 
which imparts dark colour to the cake is an 
important technological problem with sun¬ 
flower seed. The technology developed by the 
CSIR Labs, has successfully solved this prob¬ 
lem. Oil obtained from the new technology 
is low in free fatty acids and wax, and has an 
attractive bright yellow colour with pleasant 
flavour. The oil is superior in quality to the 
traditionally processed material. It is possible 
to achieve a 3 % increment in the yield of oil 
from sunflower seeds dehulled before oil 
extraction, apart from getting superior quality 
protein-rich cake which can be used for human 
consumption after suitable procesdng. Pre- 
proceising equipment for sunflower dehuliing. 
namely, grader, sheller and air-classifler have 
been specially designed and three large-scale 
trials were conducted. The knowhow for 
beneficiation of sunflower seed developed by 
CFTRI has already beei released to more than 
six entrepreneurs. 

Production of better quality mustard/rape 
oil and cake is yet an another successful ven- 
tare of CFFRl under Naiional Mission pro¬ 
gramme for increasing elible cil supplies. 
Ghani-milled mustard oil is generally prefer¬ 
red to expeller oil because of pungency and 
flavour in the former. Presence of glucosi- 


nolates, an anti-nutritional constituent in the 
seed, low-levels of isothiocyanates responsible 
for pungency in the expeller oil and 12'X. 
residual oil in the cake are the technological 
snags associated with ihe processing of 
mustard/rapeseeds. An integrated process for 
extraction of oil with desirable colour, 
flavour and pungency from mus'ard seeds has 
been demonstrated at CFTRI. This process 
yields edible quality cake free from glucosino- 
lates and also bitterness. It is bland and 
contains good quality protein which is nutri¬ 
tionally comparable to milk protein. 

Rice bran—a byproduct of rice milling 
industry—has 20% oil. It has the promise of 
considerably swelling edible oil pool of our 
country, with a potential of six lakh tonnes 
of oil. The technological stumbling blocks 
that are in the way of utilisation of oil for 
edible purposes are many : Firstly, the high 
free-fatty acid content of the oil. This can 
be minimised by controlling the lipase activity 
in bran immediately after milling. This 
process is called stabilisation. Secondly, rice 
bran oil with a high wax content needs to be 
removed to render the oil fit for culinary^use. 

The main problem associated with the 
availability of bran suitable for extraction of 
oil is related to the huller mills which process 
40% of paddy produced in the country. The 
CFIRl researches have led to the develop¬ 
ment of double pass system and double huller 
processing for yielding good quality bran 
suitable for solvent extraction. Low cost 
modification of existing huller mills have been 
demonstrated. 

A break-through research conducted at the 
CFTRI has paved the way for simplified acid 
stabilisation process of rice bran in addition 
to thermal stabilisation technique developed 
earlier to inactivate lipase, the fat-spliitirg 
enzyme, to prevent development of free-fatty 
acid which renders the oil unsuitable for 
edible purposes. Rice bran stabilisers of 
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variable capacities have been developed with 
built-in safety, si rplicity and cost efTectiveness 
to match the elRciency of the CFTRI process. 
Rice tbran .stabilisation units have been in¬ 
stalled at five rice mills in Mirayalguda, 
Mehaboobnagar, an important rice-producing 
town 'near Hyderabad in A. P. -and at four 
rice mills of Food Corporation of India in 
Tamil Nadu. The rice milling , industry has 
shown its appreciation for the equipment and 
also conveyed its acceptance. 

Rice bran, thus stabilised is not vulnerable 
to insect attack. Plant and machinery do not 
suffer corrosion,"contrary to the popular,belief 
as per data from trials carried out by the 
Institute scientists. Actually, the corrosion 
of equipment caused by inherent FFA in con¬ 
ventional oil extraction operation is compa¬ 
ratively higher. Inter-lab studies involving 
Central Electrochemical Research Institute 
(CECRI), Karaikudi, and National Metal¬ 
lurgical Laboratory (NML), Jamshedpur, are 
in progress. 

Pelletisation trials of chemically stab Used 
bran has been .found to pelletise as easily as 
raw bran, without any alteration in the com¬ 
mercially processing conditions. 

A process for dewaxing of crude rice bran 
oil with surfactant treatment has been deve- 
loped.]and scale-up data have been generated. 

A test-kit containing reagents to conduct 
simple and quick jtests to check the free fatty 
acid content level in rice bran and oil has 
been designed and fabricated at the CFFRl. 
The test-kit can be used with ease and efficacy 
by bran suppliers, oil traders and house wive;. 
Tests can be conducted even by unskilled 
labourers.with minimum guidance. The test- 
kit would be made available to the inte¬ 
rested parties against payment. 

The CFTRI technologies have been made 
possible to avail toxin-free groundnut oil 
which |is ^widely sought and produced in 
the country. Mouldy and fungal contami¬ 


nated kerocl.s which are normally crushed 
along with ’good seeds, affect the quality of 
both the oil and the cake. CFTRI has deve¬ 
loped simple methods for detoxification of 
commercial unrefined oil—using special filter 
pads in oilseed crushing units and exposing 
to sunlight at the home level. Chemical treat¬ 
ment of the cake using ammonia or hydrdgen 
peroxide will decrease the aflatoxin content 
to within permissible limits. The Institute 
has also demonstrated preventive method for 
controlling aspergillus flavus organisms pro¬ 
ducing aflatoxin by fumigation technique and 
improved storage systems. The Institute has 
developed inexpensive and nutritious products 
based on edible quality groundnut meal. 

Soyabean, an oilseed, gradually gaining 
importance in India, has 20 per cent oil and 
40 per cent protein, nearly twice as much 
protein compared to pulses. Currently, the 
material is being used as a source of edible 
oil and as such, it is being solvent-extracted 
and the meal is exported as animal feed. The 
CFTRl’s approach for utilising soyabean is as 
a pulse extender. An integrated method for 
producing soyabean dal free from beany odour 
and anti-nutritional factors has been deve¬ 
loped by the CFTRI. Recipes for utilising 
full fat, medium fat and defatted soya flour 
of edible grade in several traditional Indian 
foods have been worked out. 

Thus, the CFTRI has given a new touch 
to the oilseeds for their exploitation as not 
only the source of edible oils but also as 
source of high protein foods and many high 
value products creating new and wider 
markets for the byproducts of oil Industrie.. 

Demonstration of all these proven techno¬ 
logies are being conducted at the Expo and 
Workshop on technology of oilseeds organised 
at the CFTRI, Mysore, at the instance of 
technology Mission on Oilseeds ,,being held 
on 27 and 28 October 1988. □ 

CFTRI News Services 
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Letters | 
to the editor) 

Stodiei on organ weight of the sheath-tailed bat 

Taphozous per for at us perforatus Geoffroj 

Sheath-lailcd bat, Taphozous perforatus 
( Cliiro|)lcra : Einballonuridae ) is a desert 
dwelling Colonial bat. This species is the second 
biggest group of bats in the Indian desert^. 
Detailed studies on its eclo- and endoparasites, 
Zoogeography and ecology were carried out®'*. 

The relationship between organ and body 
weights of nianv animal species were studied* 

Hut limited information are available on Indian 
rodents “'*1. 

Ten adult male and female specimens of bat 
were collected from Mandore. an artificial tunnel 
below Zanana garden (109 m x 9 m) 10 km 
north of Jodhpur, India in the month of July 
1986 by net. 

The bats were brought to laboratory and kept 
over night. They were weighed on a single pan 
balance (corrected upto^r 0.1 gm), sexed and 


sacrified by chloroform. Heart, intestine* kidneys 
(left and right), liver, lungs and spleen were 
dissected out and weighed on an electric balance 
(accuracy upto ± .001 mg). 

Data collected in this study were statistically 
analysed by ‘Student’s ‘t’ test'®, 

TABLE 1 ; Mean body w*i«ht (gmt) oi T. perforatus 

Animal sex Mean body weight S.D. 

Male (10) 20.35 0.96 

Female (10) 20.68 1.50 

(Figures in poranthesis indicate the number of animals 

used.) 

Heart, liver, intestine, spleen, right and left 
kidneys of females were heavier than those of 
males in absolute weights while lungs were 
heavier in males than females (Table 2). This 
may be due to differences in body weights of 
two sexes. No differences were found in 
relative weights of different organs between 

the two sexes. However, significant differen¬ 
ces ( P < .001 ) were recorded both in the 
absolute and relative weights of intestine and 
only in the relative weight of s^jleen (Table 2). 

Absolute weights of lungs, liver and intestine 
were heavier in Taphozous perforatus than those 


TABLE 2 : Absolute and relative organ weights oi male and female Tophozous perforatus- 
Values ore Mean ± Standord Error (S. E.). 



Male (10) 

. Female (10) 

't' value between male 
and female 

Organ 

Absolute 

Weight 

(gm) 

Relative 
Weight 
(qm/100 gm 
body wt.) 

Absolute 

Weight 

(gm) 

Relative 

Weight 
(gm/lOO gm 
body wt.) 

Absolute 

Weight 

(gm) 

Relative 

Weight 

Heart 

0.22 J- 0.00 

1.10 i0.02 

0.22 ±0.00 

1.10 ± 0.03 

0.39* 

0.07* 

Liver 

0.81 i; 0.01 

4.03 ±0-10 

0.90±0.04 

4.43 ±0.24 

2.19* 

1.53* 

Lungs 

0.60 ± 0.00 

2.98 i 0-05 

0.52 ±0.02 

2.57 ± 0.13 

0.03* 

2.69* 

Intestine 

0.83± 0.00 

4.11 ±0.09 

0.97 ±0.04 

4.75 ± 0.03 

3.12** 

6.68** 

Spleen 

0.06 ± 0.00 

0.31 d 0.00 

0.08±0.0l 

0.41 ±0.02 

1.99* 

3.33** 

Right 

0.12 ± 0.00 

0.63 ±0 01 

0.13^0.00 

0.63 ± 0.01 

0.95* 

0.25* 

kidney 

Left 

0.12 0.00 

0.60 ^0.02 

0.12±0.00 

0.61 ±0.11 

0.67* 

0.02* 


kidney 


* Non-significant. 

** Level of significance P .001, 
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of Rliinopoma rnicrophyllum Unneari whilo 
heart and spleen were hea\'ier in R. m. kinnmri 
than the former. 

The relative weights of heart, liver, lungs 
spleen and intestine were heavier in both the 
sexes of T. perforatus than that of R. m. kinneari. 

Higher relative weights of heart and lungs in 
both the sexes of T. perforatus than R. m. 
kinneari suggest that T. perforatus Hies faster 
than R. m. kinneari. Heavier heart anti lungs 
may be related to increased circulation and 
respiration’'*. Moreover heavier heart in bats 
than that of terrestrial animals may be related 
to volant adaptation’^’*Ibis b) possessing 
heavier organs, T. perforatus may be physiologi¬ 
cally more adapted for aerial mode of life than 
that of R. m. kinneari. 

Thanks are due to Professor S. Johnson, Head, 
Department of Zoology for providing research 
facilities and the University of Jodhpur, Jodhpur 
for providing financial assistance to carry out the 
research work. 

U. S. BHATI 

Dipt, of Zoology, Faculty of Science, 

University of Jodhpur, Jodhpur-342 001. 
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New record of coccioelUds (Coleoptera) oa 
Wabrat trees in India 

Walnut, Juglans regia L. is one of the most 
important dry fruit tree grown in the foot hills 
of the Himalaya over an area of 5000 
hectares'. It has been reported to be attacked 
by 30 insect species and the Coleopterans rank 
the most serious ones". Recent report’ shows 
that a leaf minor belonging to the family Curcu- 
lionidae is active in the Jammu and Kashmir area 
and Causing serious damage to the Walnut Crop. 
Our Survey of the differejit areas reveal the pre¬ 
sence of a good number of predatory as well as 
mycophagous species of Coccinellidae (Coleop- 
lera) associated with the Walnut trees. We ha\e 
been able to collect as many aS 12 such species 
from the Walnut tree growing areas. The rearing 
of these species in a number and subsequent 
release in the Walnut growing areas can check 
the pestilence menace very effectively. Unfortu¬ 
nately there is no record of coccinellids from the 
tree in question from India and the only record 
of Adalia bipunctata (L.l is available from the 
llritish Coccinellidae’*. 

Below is a list of the j)redatory and myco¬ 
phagous species collected from Juglans regia L. 

(il Tribe—Coccinellini 

1. Calvia irilochana Kapur 

2. Calvia durgac Kapur 
.3. Calvia pinaki Kapur 

1. Calvia pasupnii Kapur 

5. Calvia ohversepunctala (Mulsant) 

6. Calvia sj). 

7. Alloneda dodecaspilota (Hope) 

8. Harmonia sedecimnotala (Fabricius I 

9. Hannonia dimidiata (Fabricius) 

10. Harmonia eucharis (Mulsant) 

(ii) Trj!)e—Psyllorini 

11. Halyzia straminea (Hope) 

12. Halyzia sanscrita Mulsant. 

Authors are grateful to DST and"fcSIR, New 
Delhi for the financial assistance. Laboratory 
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Changes in protein, nucleic acid and histone 
content in the shoot apex during panicle 
initiation and in the leaves during 
monocarpic senescence of rice plant 

Senescence is considered as a genetically pro¬ 
grammed phenomenon in the life cycle of a plant 
and there occurs a change in the genome during 
Senescence. Considerable research efforts have 
been made in analysing the mechanUim of mono¬ 
carpic senescetice^’*, but the actual mechanism 
is not precisely understood. Mondah' concluded 
that the genes for flowering are j)ossibly linked 
to the senescence—inducing genes in monocarpic 
plants like rice. The basis of his Conclusion was 
that all monocarpic plants die after flowering 
(dioecious male plants) or fruiting and senesc¬ 
ence Cati only be prevented for an indefinite 
period by subjecting the plant under unfavou- 
lable pholo-|>eriodic condition. Changes in RNA 
and histone protein in leaves during ageing and 
senescence have been reported by several inves¬ 
tigators*’''’, but their results are controversial. 
So it will be interesting to follow the changes 
in the biomolecules (DNA, RNA, histone and 
protein) in the shoot a|)ex of rice plant during 
panicle initiation as well as in the leaves during 
reproductive development. 

Healthy and viable Seeds of rice [Oryza saliva 
Cv. Kalojira) were supplied by Crop Research 
Farm of Burdwan University. Seeds were sur¬ 
face-sterilized in 0.1% (w/v) mercuric chloride 


(HgCla) for 1 min followed by washing several 
times in distilled water and allowed to germinate 
in Petri-dishes containing moistened blotting 
paper at 37“C in an incubator. Germinated Seeds 
were sown in tlie seed bed and 30-day-oid seed¬ 
lings were transplanted from the seed bed to the 
field with one seedling per hill at a spacing of 
25 cmx30 cm. The stem apices were collected from 
different aged plants (104, 107, 110, 113 and 116 
days old) up to the advent of panicle emergence. 
The flag and second leaves were also collected 
from the rice plant at the diilerent reproductive 
phases i.e. anthesis phase (125 days), grain-fill¬ 
ing phase (152-132 days), grain-development 
phase (132-139 days), grain-maturation phase 
(139-1‘16 days) and senescent phase (146-153 
days) for the estimation of different biomole¬ 
cules memtioned earlier. 

For protein estimation, 100 mg plant tissue 
were homogenised with methanol and centrifuged 
at 6000 ipm for 10 min and the supernatant was 
discarded. The residual pellets were made 
phenol-free by washing successively with 80% 
ethanol, cold 10% trichloroacfetic acid (TCA), 
ethanol, ethanol : chloroform (3:1), ethanol : 
ether (3:1) and finally with ether. Protein was 
estimated by Folin-phenol reagent according to 
Lowry et al“. RNA and DNA were estimated 
according to Cherry^ and Burton*^, respectively. 
The histone protein was extracted from the plant- 
tissue with cold 0.3 (N) Hcl and estimated 
according to Gornall et aP. Each experiment 
was repeated thrice with three replicates, per -Set 
and the mean values are presented here: Standard 
errors (SE) are plotted in the figures. 

A significant increase in DNA, RNA and pro¬ 
tein and decrease in histone protein content 
was observed in the shoot apex (Fig. 1) up to 
the age of 107 days of rice plant (9 days be¬ 
fore panicle initiation). The level of above bio¬ 
molecules reached the original level at the plant 
age of 116 days. It was clear that the level of 
protein (Fig. 2A), RNA (Fig. 26 ) and ratio 
between RNA and histone (Fig. 2E) of flag'and 
second leaf of rice plant gradually decreased d^ii- 
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FIGURE-2 



DAYS AFTER ANTHE5IS 


Fig. 1. Changes in the protein (0—0), RNA(^_^) 
DNA (Q —Q} and histone protein {% — •) 
content in the shoot apex of rice plant during 
paidcle initiation. 

ring the progress of reproductive development. 
But histone protein content (Fig. 2C) gradually 
increased. The change of DNA content (Fig. 2D) 
in the leaf samples of rice plant was less signi¬ 
ficant during reproductive development. The 
level of protein, RNA and ratio between RNA 
and histone remained highest in the flag leaf and 
lowest in the second leaf in all the stages of re¬ 
productive development. On the other hand, 
histone protein content showed an opposite trend, 
the highest being in the second leaf and the 
lowest in the flag leaf. The change in histone 
protein content had a distinct relationship with 
that of RNA content during ageing and 
senescence. 

During modification of shoot apex from vege- 


Fig. 2A—E. Changes in the protein (A). RNA (B). 
histone protein (C), DNA (D) and ratio between 
RNA and histone protein (E) in the ilag (0 -0) 
and second (A — A ) dee plant during 

reproductive development. 

lative to reproductive slate, the milotic activity 
increased throughout the meristem for new cell 
formation. In the present study, both DNA and 
RNA content of the shoot apex of rice plant in¬ 
creased 9 days before panicle initiation. Accor¬ 
ding to Seidlovai®, the activation of RNA syn¬ 
thesis is associated with floral differentiation. 
Just before panicle initiation (107 days old 
plant), the total protein content of shoot apex of 
rice increased. Cores et reported that the 
protein content increased during flowering and 
the type of protein synthesized is different frojn 
others. The present study shows that at the plant 
age of 107 days, the histone protein Content of 
the shoot apex of rice decreased. Supporting 
evidence in favour of this can also be offered’-. 
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From the results of increase in DNA, RNA and 
total protein and decrease in histone content in 
the shoot apex of rice up to 9 days before panicle 
initiation, it may be assumed that the genes res¬ 
ponsible for flowering are expressed and^br 
activated before panicle initiation. 

The lower decline of protein and RNA con¬ 
tent ill the flag leaf indicated sequential mode of 
senescence of this rice cultivar. Thus, the con¬ 
sequence of the expression of senescence genes 
at the time of flowering is delectable with the 
ageing of leaves leading to Senescence. But how 
this is mediated at the molecular level is far 
from clear. 

The changes in DNA content of the two 
uppermost leaves of rice was insignificant du¬ 
ring sene.scence. It was reported that DNA of 
(he senescing tissue is more stable than RNA and 
decline only at the later stage of senescence*'*. 
In the present study with rice plant it was ob¬ 
served that during progress to senescence, RNA 
content of leaves gradually declined with conco¬ 
mitant increase in histone Content. During ageing 
or senescence, the histone protein Content of the 
tissue increased with the concomitant decrease 
in RNA*. From the increase in histone Con- 
lenl and decrease in RNA Content of leaves, it 
was obvious that the histone protein acts as an 
inhibitor of eukaryotic gene expression**. 

While a distinct correlation exsists between 
RNA and histone prolein in the present study, it 
may be assumed that senescence is controlled by 
RNA metabolism which, in turn, is regulated 
through association and dissociation of histone 
protein with the DNA molecule. 

The authors acknowledge the financial assis¬ 
tance rendered by the Council of Scientific 
atul Industrial Research, New Delhi, in the 
form of a research scheme to MAf' [ No. 
381.586)/<% EMR-II]. 
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Study on nitrogen sparing effect on pea throngli 
edapbic rhizobial strain 

Biofertilizers have been successfully employed 
as partial substitute to chemical N*‘®. The 
symbiotic nitrogen fixers may meet complete N 
requirement in several legume crops. It has been 
emphasised to exploit the edaphic strains as they 
are acclaniatised and suit well to the local en¬ 
vironment. Keeping this in view, the locally 
adopted rhizobial strains from the root nodules 
of pea, were screened to field evaluate their 
effectiveness so as to incorporate in package of 
practices. 

Seed of pea var. Rachna was bacterised with 
6 day-old culture (.10** cells/ml in YEMA 
medium). The treated seed was sown in well 
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prepared uiiai plots of 1 m- on 26lh of October 
1985. The plots were supplied with recommen¬ 
ded dose ol P and K through SSI’ and MOP 
as basal dose. Since the prelimmary study con¬ 
sisted of only Comparing the nitrogen sparing 
Rhizobium effect against the untreated check, no 
chemical-N was applied. Observation in respect 
of length of seedling, dry weight of seedling, 
number of pods per seedling and total weight of 
pods per seedling was recorded at monthly inter¬ 
val starting from Isi of December 1985 till 
harvest in 2nd week of March 1986 and pooled 
average presented in the Table 1. 

TABLE 1 ; Yield and growth parameters as 


Treatment 

Length of 

Dry Wt. 


seedling 

seedling 


(m) 

(g) 

Rhizobium 

inoculation 

1.13 

8.572 

Untreated 

check 

1.03 

5.691 

°o increase 
over control 

9.70 

50.623 


The data (Table 11 liidican; increase in growth 
dimensions and the yield over utilreated check. 
Increase in dry weight by more than 50'/( and 
almost equally in nodule number speak of the 
good quality of edaphic Hit. le^umino.sarinn RSP. 

The same strain was used to assess the quantum 
of nitrogen fixation next year. The seed of pea 
var. Rachna was treated as hefoie and sown in 
12 m^ plots in the 2nd week of ,Mo\ ember 1980. 
The delay in sowing was due to abnormal rains 

TABLE 2 : Yield and growth porametera in pea pulse 
crop as aliected by Rh leguminosarum HSP. 


Treatment 

Length of 
seedling 
(m) 

Dry weight 
of seedling 

(g) 

No. of 
nodules 
per 

seedling 

Grain 

yield 

(Q/ha) 

Control 

0.436 

2.416 

6 

7.23 

Rhizobium 

inoculation 

0.4B3 

3.750 

12 

11.84 

3kg N/ha 

0.473 

3.200 

6 

7,93 

6kg N,'ha 

0.540 

3.900 

5 

8.43 

9kg N/ha 

0.610 

4.333 

7 

9.61 

12kg N/ha 

0.673 

4.783 

6 

10.93 

15kg N/ha 

0.660 

4.650 

7 

12.04 


in the area. 'I'he distance between the rows and 
plants was 50 and 7.5 Cm respectively. Phos¬ 
phorus (&J ‘10 kgs/ha was incorporated during 
preparatory tillage. The experiment was repeated 
thrice on a simple randomised block layout. The 
observational data were recorded thrice at 
monthly interval starting from) 1st week of 
December, 'fhe pooled averages are presented in 
Table 2. 

The Rhizobium inoculated plants produced com¬ 
paratively more pink nodules, which were bigger 
in size and in clusters, whereas in other treat¬ 
ments, the nodules were in variable sizes and 


oflocled by Rh. 

leguminosarum in pea. 


No. of 
nodules 
per seedling 

No. of pods 
per seedling 

Wt. of pods 
per seedling 

(g) 

10 

12.50 

23.17 

6.83 

0.83 

17.33 

46.41 

41.56 

33.70 


scattered. The dry weight of seedling in Rhizo¬ 
bium inoculation was 50% more than the conlrol. 
fhis was also true for treatments having 6, 9, 
12 and 15 kg Nyha. The nodule number in 
Rhizobium treatment was almost double the num¬ 
ber of nodules per seedling recorded in other 
trealmenls. The grain yield in inoculated plots 
was nearly equivalent to 15 kg of chemical-N. 
Hence it is recommended that chemical-N appli¬ 
cation be eliminated and seed treatment with 
Rhizobium inoCulant be adopted for jiea. 
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Alrspora of Saotiolketan 

The local people of Sanliniketan and 
adjoining areas frequently complain of different 
tyj>es of allergic disorders Such as respiratory 
<liseases, bronchial troubles, asthma, sneezing etc. 
Keeping in view the fact that air-borne fungal 
spores along with pollen-grains pby major roles 
in causing respiratory allergy, preliminary in- 
\cStigations on the prevalence of fungal spores 
were carried out in the University campus of 
Visva-Bharati, Sanliniketan over a ])eriod of two 
)ears (July 1985—June 1987). Uullure-plale 
exposure method was employed for trapping (lie 
air-borne fungal spores. Results obtained indi¬ 
cate that fungal spores are present in the atmos¬ 
phere of the area throughout the year, but they 
appear in highest concentration dining July to 
October. The most common spores are Alter- 
nnria, Cladosporiiim, Cutvularia, Fusarhnn, 
Axpeigillus, Penicillium, Nigrosporu and Pacc'<- 
JoiuyCeS. Colonies of Rhizopus, CunninghatneUa 
and Choanephora also appeared frequently. Re¬ 
sides, basidiospores were also trajiped as evi¬ 
denced by the development of colonies with my- 
Celia showing clamp connections. It was noted 
that Basidiomycete colonies appeared only during 
and just after the rainy season, although the 
Deuteromycetes spores were obtained throughout 
the year. This Coincides with the blooming of 
many macro-fungi, including species of Agari- 
cales and Polyporales during rainy season in 
the area. A recent report^ also reveals the exis¬ 
tence of a rich airspora in .Sanliniketan con¬ 
taining spores miostly of Deuteromycetes and few 
Ascomycetes fungi. Trapping of basidiospores in 
the present investigation is an interesting infor¬ 
mation. Recently, it is thought that basidiospores 
may be implicated with asthma. Morrow and 
Jackson^ noted an increase in acute asthma ad¬ 
mission with increasing fungal spores in the air 
including spores of BasidiomyCetes, Rotrytis and 
Cladosporium. Incidentally, it may be noted that 
several years back, while surveying sputum of 
bronchial asthma patients for the presence of 
fungal spores in a Hospital in Calcutta, on 
several occasions, the present author recovered 


Basidiomycete cultures developing mycelia with 
clamp connections in agar media. In Some in¬ 
stances. there also appeared poroid fruitbodies 
in culture producing typical hasidio.Spores. 

However, extensive survey of sputum of asthma 
patients as well as of airspora is neces.sary to 
establish the implications of BasidiomyCetes fungi 
in asthma. 
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De-greening of carambola frails by steeping 
fruits with brine water 

.Sleeping fruits in brine water before selling 
is a common practice amongst fruit traders in 
West Bengal and other parts of the country. 
The Irealmcnl is given for a number of reasons, 
c.g. to remove or reduce the intensity of astrin- 
genev, sourness, pungency or bitterness of the 
fruits, de-groen them for attracting consumers or 
even as a disinfectant wash to avoid possible 
rotting of the fruits when they need to be mar¬ 
keted for several days. Despite some good 
results obtained in some fruits, many fruits are 
threatened with physiological injury due to such 
practices, particularly as suitable concentrations 
of salt solution and durations of soaking in 
them are often not properly maintained by the 
traders. The present study makes an attempt to 
examine the qualitative behaviour if carambola 
(Averrhoa carambola L.) fruits by steeping them 
in salt solutions of a wide range of concen¬ 
trations. 
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iMalure carambolu friiils borne by a single 
tree, growing in the South 21-Parganas district of 
West Bengal, were harvested and Irroughl to the 
laboratory in a moistened cloth bag. From the 
harvested lot, tliosc which were completed green 
and have not stalled ri|)ening (as determined by 
lack of yellowishness on any part of them) were 
Sorted out ; such fruits were 5..!—7.0 Cm long 
and .1.2—-l-.O cm w'ide fat the maximum bulges) 
and were only used for the study. Experiments 
were started within 10 hr of harvest from the 
tree during the later part of December, lOOT. 
Before any treatment, the representative samples 
were analyzed for their pomological qualities, 
which consisted of determining their w'eight. 
S{>ecifrc gravity, texture, colour as w'eli as the 
total Soluble solids (TSS). total titratahle acidity 
and the vitamin (1 content. The specific-gravity 
values of fruits were determined by Considering 
the weight and volume of the fruits, the latter 
by water-displacement method while theii texture 
was known by hand-feeling and Surface colour 
by visual observations done by a panel of in¬ 
formations. The TSS levels of the squeezed out 
fruit juice were determined with a refractometer 
and the acidity aS well as the vitamin C content 


of the samples made from the pulp w’ere estima¬ 
ted volumetrically by titrating respectively 
against MaOll Soln of known normality' and 2, 
6-dicldoiophenol indophenol dye soln'. 

'f'reatments consisted of dipping the fruit sam¬ 
ples in freshly prepared aqueous solus of sodium 
chloride (lab. grade) of 1, 4, 1>, 12, 16 and 
20% cone, (w/v) ill glass jars, including the 
control, identically dipping in distilled water, 
taking care that the fruits were completely im¬ 
mersed in the respective treatment solus or in 
the distilled water. After Soaking for .3 hr, the 
fruits were brought out of the jars and main¬ 
tained in ventilated atmosphere for 24 hr after 
which they were assayed for the same qualita¬ 
tive constituents as done earlies. Each treatment 
was replicated thrice, using four fruits in each 
replicate and the average, data have been pre¬ 
sented (Table 1). 

Fruits steeped with brine water became more 
and more soft and de-greened with increasing 
concentrations of salt. No increase in weight and 
specific gravity of the fruits was clear due to 
various treatments. On the other hand, soaking 


TABLE 1 : QuoUtatlve behaviour oi the Irults under various treatments. 


Soaking in salt 
soln (% w/v) 



Qualitative constituents of fruits 



Wt fruit 

Sp gr/ 
fruit 

Texture 

(*) 

De-greening TSS 
(*) (*) (%) 

Total Titr. 
acidity (%) 

TSS: 

Acidity 

Vil C 
(ing%) 

Control (0%) 

50.60 

0.89 

H 

0 

5.00 

1.78 

2.83 

137 

1% 

(w/v) 

41.00 

0.97 

M 

1 

4.50 

1.70 

2.69 

144 

4% 

(") 

42.60 

1,00 

M 

2 

4.50 

1.64 

2.74 

89 

8% 

(") 

40.60 

0.97 

S 

2 

4.80 

1.79 

2.72 

109 

12% 

n 

46.50 

1.03 

S 

3 

5.40 

1.76 

3.10 

116 

16% 

n 

45.60 

0.97 

S 

3 

5.20 

1.61 

3.23 

137 

20% 

n 

46.50 

0.95 

S 

3 

5.06 

1.67 

3.44 

138 

24% 

n 

42.60 

0.97 

S 

4 

5.50 

1.60 

3.44 

137 

C. D. 

(5% level) 

16.55 

0.15 

— 

— 

0.78 

0.17 

0.45 

38 

S. E. 

of di«. 

5.59 

0.05 

— 


0.26 

0.05 

0.15 

13 

Before 

treatment 

24.76 

0.95 

H 

0 

4.26 

1.72 

2.40 

25 


(*) H = Hard; M = Medium hard; S = Soft; (*) (*) = Extent of de-greenln?. 
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with higher doses tended to reduce fruit weight, 
possibly due to the phenomenon of exosmoeis. 
Some decrease in the acidity and increase in the 
TSS levels could be seen in fruits which were 
steeped particularly with higher levels of brine 
water (Table 1). Although steeping of emblica 
fruits in brine water was observed by Mazumidar- 
to result in the loss of vitamin C of fruits, such 
loss of the vitamin could hardly be noted even 
when they were soaked in 24% salt soln. It 
needs mentioning here that soaking was done for 
3 hi only in the present study, unlike 7. days of 
steeping allowed by Mazumdar- in embl’’fruits. 

The present findings are indicative of Ihe fact* 
that steeping carambolas hi brine water have 
made them de-greened without rendering much 
loss in their constituents of qualitative value. 
Meverthless, it is noteworthy that the brine-water 
induced de-greened fruits assumed whitish rather 
than yellowish appearance, which usually do not 
have greater acceptance in the maricet and that 
such fruits also did not keep well. Steeping 
carambola fruits in brine water of more than 8% 
level could never be advocated if the soaking is 
continued upto 3 hr, because such treatments 
wilted the fruits starting from the ribs and gra¬ 
dually extending up to the core of the fruits. 
Furthermore, fruits treated at such higher dosage 
turned extremely soft within a day. 
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Role of molybdenum on symbiotic Dltrogen 
fixation in redgram {Cajanus cajan (L.) Mfilsp] 

Importance of molybdenum was not felt until 
it was observed that traces of the element 
markedly stimulated growth and nitrogen fixation 
in Azotobacter^ Several workers have studied 
the effect of molybdenum application on symbio¬ 
tic nitrogen fixation in legumes. The results of 
such studies have varied from no response^ to 
significant increase'' in nitrogen (.fixation due to 
molybdenum application. Such variations in field 
situation could be attributed to (1) variations in 
molybdenum content of soil and (2) differences 
in methodologies in application of tnolybdenum 
to seed. Studies were undertaken to find the 
effect of seed treatment of molybdenum on nitro¬ 
gen fixation in redgram, an important pulse crop. 

The studies on effect of molybdenum seed 
treatment on symbiotic nitrogen fixation in red* 
gram were conducted under green house condi¬ 
tions. The plants were raised b 8 kg soil : sand 
mix b the ratio of 9:1 contabed b a black 
polythene bag. Molybdenum was applied to the 
seeds in the form of sodium molybdate at the 
rate of 0, 0.5, 1.0, 1.5, and 2.0 g/kg seeds 
before sowing. A sticker solution of Arabica gum 
was used for coatbg the Seeds with epdium 
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TABL£ 1 : Eiiect oi dilierent levels ol molybdenum on eymbiotlc nitrogen ilxation in redgram t 


Mo levels 
g/kg seeds 

Average 
nodule size 
(nun) 

Nodule 
no./pi. 

Nodule dry 
■wt. (mg/pl.) 

Shoot dry 
wt. (g/pl.) 

Root dry 
wt. (g/pl.) 

Totol plant 
dry wt. (g/pl.) 

0.0 

3 

31 

382 

8.55 

2.84 

11.39 

0.5 

3 

41 

392 

8.07 

2.98 

11.05 

1.0 

4 

57 

438 

9.93 

3.23 

13.16 

1.5 

C 

64 

508 

10.82 

3.32 

14.14 

2.0 

3 

31 

755 

9.81 

3.80 

13.61 

C. D. (5%) 


30 

98.93 

0.98 

f».53 

1.23 

SEM 


14 

42.33 

0.47 

0.25 

0.59 

CV (°o) 


43 

13,00 

7.90 

11.70 

7.20 


inolybdaU*. 'I'he smls of rctl-gram variety H) -3C 
were inoculated with Rhizobiurn UASB 722 ob¬ 
tained from the culture collection Centre of the 
laboratory. Obseivations on nodule size, nodule 
miniber, nodule diy weight, shoot dry -weight, 
root dry weight and total plant dry weight were 
recorded after 60 days. 

Application of 1.5 g sodium molybdate jter kg 
seeds resulted in maximum increase in nodule 
size, nodule number, shoot and total plant dry 
weight (Table 1). The nodule mass and root dry- 
weight were maximum at 2.0 g/kg seeds of 
molybdenum. In general increase in molybdenum 
levels from 0 to 1.5 correspondingly increased 
nodulation and plant growth. Thus seed treat¬ 
ment with molybdenum enhanced symbiotic 
nitrogen fixation and a level of 1.5 g sodium 
molybdate per kg seed was found to be the 
optimum for maximum symbiotic benefits. Fur¬ 
ther increase from 1.5 to 2.0 g/kg seed signi¬ 
ficantly reduced the nodule size, nodule number 
and shoot dry weight, while the nodule mass 


increased significantly with no effect on shoot 
dry weight. 

A. H. KHAN 
S. V. HEGDE 

Deparlmont of Agricultural Microbiology, 

University of Agricultural Sciences, 

G. K. V. K. Ckimpus, Baugalore-560 065- 

Received : 16 May, 1988. 

J H. Boilels, Arch. Mikrobiol., 1, 333, 1930. 

- N. C. Hubnoni, G. S. Sulikeri, S. D. Kololi and R. B. 
Paul, Mysore. J. Agri. Set., 6. 202, 1972. 

^ A. S. Khurona and S. S. Dudeja, In : Proc. Intnl, Work¬ 
shop, on Pigeonpeas, Vol. 1. p. 381. Held ert ICHISAT. 
Palancheru, India, Dec. 15—19, 1980. 

Formation of adventltions roots in capsnlaris 
juto ( Corchorus capsularis L.) as affected by 
new varieties grown under flooded conditions 

The Capsularis jute (Corchorus capsularis L.) 
forms adventitious roots from lower part of the 
stem when the stem is under water stagnation for 
a long period^’®. The adventitious roots excrete 
some growth-promoting substances*’®, which are 

m 

very helpful for the ramification of roots in 
wheat and if seeds are soaked with 

excertion. In the multiple-cropping programme, 
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preceeding jute helped in increasing the growth 
of wheat^ and mung ^; this might be due to 
root-excretion of jute. As this root-excretion is 
very important for root ramification and crop 
yield, it is necessary to know the number and 
length of roots in jute. But information r^ar- 
ding root formation and excretion of root of 
jute is very meagre. Hence, this information 
was collected from new capsiUaris jute varieties 
grown under flooded condition. 

The field experiment was Conducted during 
Kharif, 1987, with seven new capsularis varieties 
(TCJ 18, No. 8007, TCJ 19, KCM 4, No. 8005, 
TKCJ 17 and No. 8002) at the Seed Farm, 
Bidhun Chandra Krishi Viswavidyalaya, Kalyani, 
West Bengal (741 235) fitting in RBO. CapSu- 
laris varieties were sown on April 21, 1987 in 
lines 25-cm apart @ 6 kg of seed/ha, applying 
60 kg N, 40 kg PaOs and 40 kg KaO/ha. No 
irrigation was given but weeding was done mianu- 
ally twice at 15 and 30 days after sowing Simul¬ 


taneously, thinning was done keeping plants at 
a distance of about 10 cm in line. Ibe experi¬ 
mental field was flooded with water coming from 
the river Bhagirathi (Ganga) on August 17, due 
to flood in the area ; water stagnation was there 
in the field up to the end of September. The 
water height in the field was about 0.6 m above 
the Soil. During water stagnation with flooded 
water, the new adventitious roots were formed on 
the lower portion of the stem which was under 
water for a long period. Observations on num¬ 
ber and length of main an secondary roots of 
adventitious roots of different varieties were 
recorded on September 28 from 5-cm® area of 
the Stem, taken 5 cm above the soil level. The 
number of main root, length of main root, num¬ 
ber of secondary roots per main root, length of 
secondary root, total number of secondary roots, 
total length of main root, tot^l length of secon¬ 
dary root per 5 cm^ and total root lengdi per 
5-cm* were statistically analysed and summarised 
in Table 1. 


TABLE 1 : ForiBoUea oi odTMiitiotts mcdn oad ■ecoadorr voo** copralorU Jute ( Corch‘>rus capsularis L) a«. 


oifMtod by new ▼ortotisi uadw flooded coadlttoai 


Capsularis 

Jute 

variety 

Number 
of main 
root/ 

5 cm- 

Length 
of main 
root 
( cm ) 

No. of 
secon¬ 
dary 
yoot/ 
main 
root 

Length 
of secon¬ 
dary 
root 
( cm ) 

Total 
no. oi 
secon¬ 
dary 
toot/ 

5 cm3 

Total 
length 
of main 
toot (cm)/ 

5 cm3 

Total 
length 
of secon- 
dory 

roof (cm)/ 

5 cm3 

Total 

root 

kHigth 

(cm)/ 

5 cm3 

Stem 

colour 

TCJ 16 

27.00 

11.25 

5.50 

0.85 

151.00 

306.00 

127.70 

434.20 

Pink 

No. 8007 

7.75 

8.25 

10.25 

1.03 

81.00 

72.75 

62.25 

155.00 

Green 

TCI 13 

15.75 

12.25 

22.75 

1.45 

356.75 

192.00 

517.23 

709.23 

Pink 

KCM 4 

33.75 

16.00 

29.75 

1.78 

991.00 

538.75 

1775.10 

2313.85 

Red 

No. 8005 

21.25 

18.25 

21.00 

1.50 

441.50 

390.25 

656.80 

1049.05 

Green 

TKCJ 17 

25.50 

12.75 

15.00 

1.25 


322.00 

469.88 

719.88 

Pink 

No. 8002 

22.75 

24.75 

22.25 

1.60 


560.75 

746.25 

1303.25 

Green 

Mean 

21.76 

14.93 

18.07 

1.35 

410.29 

340.43 

625.32 

985.21 

- 

S. £ 

1.43 



0.07 

82.86 

99.16 

120.08 

180.49 


C. D. 5% 

4.26 


■B 

0.21 

27.89 

33.37 

40.41 

60.75 

— 
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Il was revealed that the number of adventitious 
main roots per unit area was statistically signi¬ 
ficant (Table The variety KCM 4 showed 
the highest number of adventitious main root 
followed by TCJ IB and TKCJ 17, while No. 
BOOT showed the lowest number of adventitious 
main root preceeded by TCJ 19 and No. BOOS. 
Length of the adventitious main root was signi¬ 
ficant and variety No. B002 showed the highest 
length followed by No. 8005 and KCM 4, whereas 
No. 8007 showed the smallest length of adven¬ 
titious main root preceeded by TCJ 18 and TCJ 
19. The number of adventitious secondary root 
of variety KCM 4 was the highest followed by 
TCJ 19 and No. 8002, whereas TCJ IB showed 
the lowest number of adventitious secondary root 
preceeded by No. 8007 and TKCJ 17. Length of 
adventitious secondary root was highest in 
variety KCM 4 followed by No. 8002, whereas 
the smallest one was obtained from TCJ 18 
preceeded by No. 8007. The total number of 
adventitious secondary root was maximum in 
variety KCM 4, whereas the minimumi number 
was obtained from No. 8007. The total length of 
adventitious main root was the highest in KCM 
4, whereas the lowest was obtained from No. 
8007. The total length of adventitious secondary 
root was maximum for variety KCM 4, while No. 
8007 showed the minimum length. The total root 
length per 5 cm- urea was the heighest in KCM 4, 
whereas lowest figure was observed in No. 8007. 
It was also shown that the jute varieties TCJ 18, 


rCJ 19 and TCJ 17 were pink in colour, while 
No. 8007, No. 8005 and No. 8002 were green in 
colour but KCM 4 was red in colour. 

Cosidering the number and length of adventi¬ 
tious main and secondary roots in diffe'rent 
varieties of capsularis jute and stem pigmentation, 
it is concluded that red-pigmented variety KCM 
4 was the best for survival with adventitious 
root formation under water Stagnation condition, 
as it formed profuse roots in stem. Hence, KCM 
4 may be recommended for low-lying areas 
where water stagnation is very likely to occur. 

Further work is in progress. 

N. R. DAS 
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S. N. DAS 

T. K. MAJUMDAR" 
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Faculty of Agriculture, 

Bidhan Chandra Krishi Viswavidyalaya, 

Kalyani-741 235, Nadia, West Bengal. 

Received • 23 May, I988- 
Revised : 8 July, 1988. 

‘ Department of Genetics & Plant Breeding. 

** All-India Co-ordinoted Research Project on Jute and 
Allied Fibres. 

’ B. C. Kundu, K. D. Basak and F. B. Sarkar, Jute in 
India, 1959, p. 138, (Central Jute Committee, Calchtta). 

- N. R. Das and S. Son, Sci. & Cult., 34, 5, 1968, 

N. R. Das and N. Ghosh, Sci. & Cult., 44. 41, 1978. 

IN. R. Das and N. Ghosh,5c/. & Cm/I., 53, 383,il987, 

■' N. R. Das, Ph.D. Thesis, Kalyani University, i/lfest 
Bengal, 1969. 

” P, K. Jana, N. H. Das and H. Sen, Indian I, Agron., 22, 
305, 1975. 


378 


Jaikrisima Lublic Library 


SCIENCE AND CULTURE, NOVEMBER. 1988 




OPTICAL GLASS 

Used for making a wide variety of optical instruments such as microscopes, telescopes 
binoculars, theodolites, cameras, range>floders, and periscopes. 

Produced at the Central Qlass & Ceramic Research Institute, it is available in the form of 
random slabs, moulded lens and prism blanks, swan prisih blanks, etc. 

Lead glass blocks for absorbing X-ray and atomic radiations are also produced. 

The glasses conform to Indian Standard Specification, IS : 1400-1960 

Pre-delivery inspectioo by the Inspectorate of Instruments. Ministry of Defence can be 
a;ranged. 

Qu 0 tmU§ru $h nqunt 1 all inquirUn to i— 

CENTRAL GLASS AND CERAMIC RESEARCH INSTITUTE 
CALCUTTA.32, INDIA 






Regr), No. Wn/Ec. 11 


SCINAL 64(11) 861—878 (1988 > 



New sBaUnces from MACRO to SEMI-MICRO with latest Improvements 


DH6NA, .after a long R & D process, 
has been able to offer Digital Balances 
with its Minute Accuracy by easier 
operation : 

SALIENT FEATURES : 

Digital Readouts ^ are large and clear, 
parallel to eye level. No eye fatigue 
because of its nori-rcflecting glare free 
projections. 

Very fine gear operated Digital Counter 
MicTO-meter permits reading to the 
last decimal. 

Die Casted Top : can be remoyed 
easily without touching any knob in 
order to work inside the upper chamber 
of the balance as and when necessary. 
Pan Brake: is fitted below the Pan 
for its perfect working 

Pan & Chamber : Stainless Steel non¬ 
magnetic oversize pan and large weig¬ 
hing chamber are equipped with 
removable glass fioor to facilitate 
working. 

Housing Powder painted Aluminium 
.housing is introduced for betterment 
as it i.s acid and weather proof. 

Levelling Bubble : is fitted just in front 
with a magnifier to look the enlarged 
bubble easily at the time of levelling 
the Balance. 

Weights ; Highly polished non¬ 
magnetic Stainless .Steel Weights without 
vny screw ensure long life of accuraev 
vnd perfection. 

Parts ; Best quality costly parts 
ivailable and Die-casted in order to 
maintain the perfect working of the 
balance. 

For furiher defails please contact : 

OIIONA instruments PVT. LTD. 
8, Rentiottk Street, ‘Taber Mansion’ 



West Block Jed Floor, Calculi,-703001 Branches ; 178/^878, G.n.ah Para 'B'. Trinagar, 

Phone: 28-3103 DelhuUO 036. Phone : 72-10079 184, TJiarabu Chetty 

____ Street, Madras~60000l. Phone : 24831 

Printed and Publithed by Sanlimay Ct,atterj#e, on beha.i o< ihi lodiaa Science Hews AMoCiatton. 92, Acharya 

P. C Road.Caieuita-e 





ADCO 

Pioneer in India in the field of Research, Analytical 
Chemical, Biological & Medical Instruments. 

Available in ready stock :— 

ADCO FXECTRONIC ANALYTICAL BALANCES 



MODELS AD-180 
AD-300 

AD-180 / 180 gms 

\ Accuracy .0001 gm 

AD-300 / 

I Accuracy .001 gm 

Special Features : 

* Completely automatic calibration. 

* Special program for vibration correction. 

* Unique program for pouring error 
correction. 

* Selectable stability indicator. 

* Function store memory. 

* RS-232 output. 


ADCO DIGITAL ELECTRONIC TOP PAN BALANCE with L.C.D display with zero 
adjustment knob, operation on Mains or Battery with 100% repeatability, accuracy in terms 
of digit ± 1 digit, very small m size, compact and most elegant looking. 


Capacity 

Accuracy 

3l0 gms 

.00J gm 

ICO gms 

0.01 gm 

200 gms 

0.1 gm 

-500 gms 

0.1 gm 

1000 gms 

0.1 gm 

2000 gms 

1 gm 

3000 gms 

1 gm 

IN Telephone : 28-8781/82 

Gram : 


Telex ; 021-3484 ADCO IN Telephone ; 28-8781/82 Gram : LABORIND 

Adair, Dutta & Co. (India) Private Ltd. 

5, B. B. D. BAG EAST, CALCUTTA-700 001 

Branches at : 

* 1/21. Asaf Ali Road. New Delhi-110 002 Ph. 733125 

* 113, Mount Road, Madras-600 002 Ph. 849915. 

* 26A, Sir P. S. Mehta Road, Fort, Bombay-400 001 Ph. 2863332. 

* 67/A, Rashtrapati Road, Secunderabad.500 003 Ph. 75482 

* B-19/44, Dcoriabir, Bhelupura, Varanasi-221 010 




THE ‘FINE FOUR’ IN ‘BASYHTH’ RANfeE 


ROTARY 

VACUUM 

PUMPS 

OIL 

SEALED 

lYPE 


fiUARANtEEO 

ANALYTICAL 

REAGENT 

CHEMICALS 

conforming to 
Internationally 
accepted 
ipedficationa 


OIL DIFFUSION 

VACUUM 

oieasupwtg ■ Mlflr 

GAUGE Battle 

wl ^ ^ j/ ^AtuuRt Valves etc ^ ^ 

aa AawgI > jAW-melai Boev) K 1 

m ^ OO ^ mm ^ vacuum t ]&*“'» | 

0.00t mm. ... _ .r., ^ fT. ^ I 

IJgp .. ot Mercury »»nMh PluM g ^ 

I f SPEED J^L 

M -rl i ■_ 60 Utie/See. 

^ '"N^ or more. -^III|IIIFt^ 

ym 

INDIAN 

MANUFACruBED aV: 

BASIC A SYNTHETIC CHEMICALS PRIVATE LTD. 

ae.CASTno*o aadavpijr calcutta.m. 


MINIArURf 
MCIf00 
SAUCE 
FRtSSURf 
CANCt t 
to mm. to 
001 mm 
A t mm. to 
O.OOt mm. 
ot Mercury 


SCIENCJE AND CULTURE, DECEMBER, 198ft 










































I Indian Science New^ 
Association 

President 

Prof. Purnendu Kumar Bose 


Vice-Presidents 

Prof, (Mrs.) Asima Chatterjee 
Prof. R. N. Chakravarti 
Dr. B. D. Nagchaudhuri 
Prof. M. M. Chakraborty 
Dr. A. Sen 

Secretaries 
Prof. B. B. Baliga 
Prof. S. C. Datta 

Treasurer 
Prof. A. N. Daw 


TO OUR READERS 

Your appreciation of the journal makes us bold 
to suppose that some of your friends would also 
like to read SCIENCE & CULTURE, the premier 
scientific monthly of India devoted to the* publi¬ 
cation of the progress in pure and applied sciences. 
The Indian Science News Association has been 
conducting the journal for over 53 years with the 
editorial co-operation of eminent scientists of India 
with the object of promoting and diffusing know¬ 
ledge laying special strees on the progress of scienti¬ 
fic studies here and abroad, and advocating metho¬ 
dical application of science to problems of national 
regeneration. 

Editorial correspondence should be sent to the 
Editor, Science and Culture, 92, Acharya Prafulla 
Chandra Road, Calcutta: 7D0 009. Manuscripts 
prepared in accordance with the Instruction to 
Contributors should be submitted in duplicate and 
will not be returned unless accompanied with 
return postage. 


Members 

Prof. S. N. Ghosh 
Dr. S. N. Chintalapudi 
Dr. D. B. Deb 
Dr. Jayanta Basu 
Prof. P. Nandi 
Prof. J. K. D. Verma 
Dr. N. K. Majumder 
Prof, Sunando Bose 
Shri S. K. Ouha 
Prof. A. K Medda 
Dr. N. C. Patnaik 
Dr. K. Devadasan 
Dr. K. P. Sensarma 
Prof. Basudeb Barman 
Dr. Ashiffl Ganguly 
Dr. Bimalendu Mitra 


Correspondence relating to subscription, 
advertisement and other matters should be 
addressed to the Secretary, Indian Science News 
Association, 92, Acharya Prafulla Chandra Road, 
Calcutta : 700 009. 

Membership fee 

Life Member: Rs. 350.00 

Ordinary Member: Rs. 30.00 

Annual snbscription 

Inland Rs. 75.00 

Foreign £ 10.00 or U.S. S 20.00 

Single Copy (Inland) Rs. 7.50 

Single Copy (Foreign) £1.00 or % 2.00 


SCIENCE AMO CULTURE, DECEMBER. 1968 


December l^SS/Volimte 54/Niimber 12 


A MONTHLY JOURNAL OF NATURAL & CULTURAL SCIENCES 


PUBLISHED BY THE PURSUITS IN SCIENCE—INDIAN 

INDIAN SCIENCE SCENARIO—/). Banerjea ... 379 

NEWS ASSOCIATION 

Hundred Years of Hertzian Waves— 

B. R. Nag ... 383 

The Sun and The Solar Energy—5. ... 389 

EDITORIAL BOARD 

Santimay Chatterjee D. Banerjea 
M. K. Dasgupta 
B. B. Baliga & S. C. Datta 

NOTES AND NEWS ... 399 

LETTERS TO THE EDITOR 

Transport of water across various forms of 
COLLABORATORS clays— S. Roy Chowdhury, M. Adhikari 

B. K. Bachhwat, R. K. Basu, Sadhan and S. K. Sanya! — 405 

Basu, V. G. Bhide, B. B. Biswas, 

Sunirmal Chanda, G. C. Chatterjee, Influence of various herbicides on the seed 
J. S. Chatterjee, S. P. Chatterjee, Mihir production of Cassia sophera vat. pur — 

Chowdhury, J. Das, Tarak Mohan Das, purea—S. C. Datta and Uly Ray ... 408 

A. S. Divatia, S. K. Ghaswala, S. N. 

Ghoshal, Khagen Haider, Balaram Preliminary studies on the effect of location 

Majumder, Chanchal Majumder, S. variety on the quality characters 

Majumder, Ajit K. Medda, Sankar of soybean—Y. P. Gupta 412 

Mukherjee, A. V. Natarajan, R. P. 

Purkayastha.G.N. Ramchandran, C.N. 

R. Rao, C.R. Rao, R.N. Roy, Archana 
Sharma, S. P. Sen, A. R. Verma. 


& 


ffiNCE 

[LTURE 



Manufacturers of : 

LABS Brand Precision Micro, Analytical, Chemical & Physical Balances & Weight Boxes, 
Thermostatically Controlled Equipments & Petroleum & Seed Testing Equipments. 

SELUNG AGENT IN INDIA 

For 'DHONA* Single & Double Pan Analytical Balances. 

Dealers for 

‘Systronics’ Electronic Instruments ‘REMI’ Centrifuges 
Stirrens, ‘WEXWOX’ & GETNER’ Microscopes 

& 

Microtoms. 



LABORATORY STORES 

8, BENTINCK STREET, Taher Mansion 
West Block, 2nd Floor, Calcutta-700 001. 
Phone : 28-3103 Gram : LABSALES 


For Quality Instruments 

Please Contact: 

Petroleum instruments (India) Private Limited 

Basement Room No. 31 
COMMERCE HOUSE 

2f Ganesh Chandra Avenue 
Calcntta>700 013 

Phone; 27-9651 
Manufacturers of: 

1. Instruments for Testing Petroleum Products e.g. 

Various Types of Flash Point apparatus, Viscometers, Carbon Residue Apparatus. 
Oxidation Test Apparatus, Bomb Calorimeter and Various other items. 

2. Instruments for Testing Paints and Varnishes like Ford Cup, Scratch Hardness 

Tester, Corrosion Cabinet, Glossmeter and other items. 

3. Instruments for Testing Water, Soil, Cement and other miscellaneous iteigps. 

Available from all renowned Dealers of India. 


AB 


SCIENCE AND CULTURE, DECEMBER. 1088 




SCIENCE 
& CULTURE 

VOLUME 54 □ DECEMBER 1988 □ NO. 12 


PURSUITS IN SCIENCE-INDIAN SCENARIO 


gCIENCE is systematic knowledge having 
its origin in man’s endeavour to unravel 
the mysteries of natur<? and developing the 
skill to provide for the arts and comforts of 
life. Indeed science as specialized knowledge 
is of little relevance unless its application does 
any good to humanity. In fact, the value of 
any scientific research is best judged by the 
part it plays in the promotion of human 
welfare, and science has played a very vital 
role in the progress and prosperity of human 
race and advancement of our civilization. The 
Nobel Prize winner Professor Glenn T. Seaborg 
had once said quite appropriately, “Just as 
middle ages man could not ignore the church, 
nor Rennaissance man the arts, nor eighteenth 
century man political thought, so modern man 
cannot ignore science”. However, it is also 
necessary to remember that science also should 
not ignore man. It is necessary to bear in 
mind that although science has played a pivotal 
role in the progress and prosperity of human 
race and advancement of our civilization, it 
has also been responsible in our time in 
bringing miseries to mankind because of 
indiscriminate and iU<designed applications. 
In this connection the application of some 


deadly poisonous chemicals such as the nerve 
gases in chemical warfare by some power 
crazy nations of the world and many such 
abuse of science come to our mind. Know¬ 
ledge can be used either for good or evil, for 
which we can hardly blame ^knowledge or its 
cultivation and promotion. It is necessary to 
remember that what can be initial terror may 
eventually become a blessing and vice versa. 
Use of nuclear fission as a source of energy, 
nerve gases in cancer therapy, etc. are examples 
of one type. Nuclear fission brought about 
unprecedented devastation and destruction in 
Hirosima and Nagasaki in Japan in the year 
1945 and the same process has the potentiality 
to provide an unlimited supply of energy in a 
world likely to face a severe energy crisis due 
to depletion of the fossil fuels. However, the 
use of insecticides like the DDT and several 
other chlorinated hydrocarbons, which are not 
easily bio-degradable, which were once consi¬ 
dered as boon to mankind in the eradication 
of many insect borne deadly diseases, are now 
of serious concern owing to severe ecological 
damage caused by their widespread use. Simi¬ 
larly, the automobiles, aircrafts, rockets, etc. 
are seriously polluting the environment, and 



here we are particularly concerned with the 
possibility of depletion of stratospheric ozone 
which protects life on earth from the deadly 
ultraviolet radiations from the sun. For the 
sake of perfection science education must also 
convey to the students the humanistic values 
of science. 

Members of the scientific community in 
several developed countries of the world have 
often in recent times expressed strongly against 
the utter abuse of scientific skill and have 
proposed proper action by the scientific socie* 
ties and agencies in these countries to frame 
codes of conduct that their fellow members do 
not engage themselves in unethical practices 
even under political pressure. They have also 
many planned programmes to creat an awar¬ 
eness among the common man regarding the 
beneficial potentialities of science as also the 
harmful effects of chemicals which are the 
bye-products of many of the activities of 
modern man which pollute our environment 
and make it deleterious to life. In these 
countries scientific knowledge and skill has 
been applied successfully to develop control 
measures to minimise pollution. 

The scientific societies of such developed 
countries also fulfil their social obligations in 
various ways such as advising the Government 
and the nation in curriculum development, 
research funding policies and programmes, 
etc. and also in assisting and advising its 
fellow members in professional matters and 
their proper placement in jobs where their 
knowledge and experties may be used fruitfully. 
For the dissemination of knowledge they 
organise quite frequently symposia, workshops, 
conferences, etc. at national and international 
levels, apart from publishing journals in which 
research findings are published after rigorous 
scrutiny to ensure credibility and quality of the 
publications. These societies effectively serve 
the cause of science, the scientific community 


and the nation. These societies are also res¬ 
ponsible to ensure close interaction between 
science and technology in their countries, an 
interaction which is of mutual benefit to both 
science and technology and have a synergestic 
effect in the development of both science and 
technology. In contrast, the scientific socie¬ 
ties, associations and organisations *in this 
country do very little indeed in this direction, 
excepting holding some annual get-togethers 
more as a ritual without any effective impact 
in scientific development in any real sense. 

It goes without saying that the purpose of 
scientific research is advancement of the 
boundaries of knowledge and its aim is the 
establishment of truth. Hence, credibility and 
ethics are two most essential qualities of any 
one engaged in the pursuit of science. But, 
in recent times there has been a considerable 
erosion of our sense of values and credibility 
and ethics are sadly lacking among the members 
of our scientific community in general. In 
such a state of degenaration one can hardly 
expect any progress and development in any 
creative activity and science in particular. This 
is one of the reasons why despite our richness 
in scientific and technological manpower the 
impact of Indian science and technology in 
the national and international front has not 
been significant at all despite substantial invest¬ 
ment by this poor nation in the R & D 
programmes since independence. Members of 
our scientific community are in an utter state 
of frustration, since honesty, integrity, comp¬ 
etence, etc. which were once considered as 
virtues, are paying no dividend. Awards and 
recognitions can be earned by cheaper methods 
making these sheer mockeries. 

Promotion of human welfare is one of the 
most tangible objectives of scientific endeavour. 
Late Jawaharlal Nehru had once said, **For a 
hungry man or a hungry woSian, truth has 
little meaning... . we have to find for them all 
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the absolute necessities of life**. But despite 
this position it is essential to support science 
in all its aspects and in the fullest measure. 
Although the cultural and intellectual aspects 
of basic or fundamental research are not 
well appreciated by many this can hardly be 
undermined. But for basic research to flourish 
appropriate environment and adequate support 
are needed. Unfortunately there is a general 
tendency among the policy makers now-a days 
to give much less priority to basic research. 
But it is basic research alone which widens the 
horizon of knowledge that makes a strong base 
for applied research and technology to flourish, 
since basic research helps to develop the human 
faculties to the highest degree that helps to 
solve a wide range of problems. But it is to 
be remembered that basic research has to be 
of the highest quality which encourages inno¬ 
vativeness and judged in this context what is 
now going on in most of our institutions can 
hardly be considered relevant to science in 
any form. Most of the papers published in 
Indian journals would corroborate this point. 

As is true of any creative human enterprise, 
basic research can flourish only around a few 
really competent and talented individuals 
whose efforts must be supported as best as 
possible. However, the present day trend for 
so-called democratic management of institu¬ 
tions and research laboratories, where all are 
considered equal, is hardly conducive for the 
development of excellence in science. The 
academic freedom enjoyed by the members of 
the faculty of some Indian Universities in the 
pre-independent and also for some time in the 
post-independent periods was to a great extent 
helpful for academic excellence in these insiitu 
tions. However, academic freedom cannot 
be equated with indiscipline. But in recent 
years under the banner of assumed equality and 
a sense of respect for fake democracy con¬ 
ditions have become far less conducive for 
development, promotion and cultivation of 


science, not to speak of excellent science. In 
this respect the situations are more or less the 
same in almost all the institutions in this 
country. The Government, both federal and 
state, has much responsibility in the matter as 
it frames rules and regulations for the admi¬ 
nistration of the universities and the institu¬ 
tions. In the name of democracy policy 
decision making bodies in most of the institu¬ 
tions and particularly the universities have 
been filled with men having very little interest, 
far less knowledge and expertise, for assessing 
the needs for academic development. From 
structural considerations the universities are 
best suited for basic research, but the univer¬ 
sities which are supposed to be the temples of 
learning have now been totally crippled by 
undue political interventions, group rivalry, 
academic nepotism, unionism, etc. and are 
also grossly ill-equipped in terms of equipment 
and other facilities and quality of the teachers 
and hence lacking the infrastructure facilities 
for the cultivation and promotion of modern 
science. The future of science and technology 
certainly depends on the quality of manpower 
which the universities would provide. Hence, 
in our national interest we must make an all 
out effort to remove the maladies such that 
the universities are able to provide a strong 
ground for the cultivation and promotion of 
knowledge and are able to train up people to 
develop in them the awareness, capability and 
foresight to help the natton in its forward 
march to an all round success. However, no 
amount of reform at the university level only 
would bring the desired change, it is absolutely 
necessary to overhaul the system at the school 
and college levels also. In most of the schools 
and colleges the conditions are far from being 
satisfactory. Science eduction in the schools 
and colleges must be strengthened such that 
scientific temper may inculcate the young minds 
and they develop an interest and attitude to 
science. Science teaching in most schools and 
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colleges is far from being satisfactory owing to 
a dearth of teachers of quality. This is partly 
because there is no scope to provide incentives 
to good teachers. In Japan, school teachers 
are encouraged in various ways to develop 
innovative teaching aids, demonstration experi¬ 
ments, etc. Demonstration of scientific prin¬ 
ciples through class room experiments is 
routinely followed in Japan and other deve¬ 
loped countries. In pre-independent days this 
was a custom in many of the schools and 
colleges in our country, but this is no longer 
so to-day even in some of the so-called best 
schools and colleges. After independence, in 
our craze to spread education rather indiscri¬ 
minately many schools, colleges and univer¬ 
sities had been set up without taking into 
consideration the available material and human 
resources needed to run these institutions and 
this is largely responsible for the present state 
of affairs. The future of science will depend 
on our ability to attract the best quality of 
our young men to scientific pursuits and in 
this respect the various scientific and professi¬ 
onal societies have an important role to 
play. 

It is necessary to point out in no uncertain 
terms that higher education is not meant for 
the masses, and is meant only for the most 
deserving few. This can hardly be branded- 
as elitist view because this aspect is well reco¬ 
gnised both in socialist and non-socialist 
countries. But in our country flood gates 
have been opened for everybody to throng the 
universities and all this has been done with a 
false sense of vanity of spreading higher 
education. The undue haste in our attempt 
to impart higher education in regional langua¬ 
ges also requires serious consideration as to 
its desirability and feasibility. It is Indeed 
meaningless to talk about Japan and the 
Soviet Union in this case as the conditions 
there are very different. 

Excellence in research can flourish around 


same gifted persons and small groups working 
under their dynamic leadership and for this we 
need an environment which is not the environ¬ 
ment of the factories or of the Government 
offices. Both the different funding agencies 
and the administrators of the institutions should 
realise the need to support adequately the 
activities of such individuals and smalf groups. 
Their specific requirements of equipment and 
other facilities need most favourable consi¬ 
deration although these may not be the needs 
of the majority of the other faculty members 
whose interests may be quite diflferent, or some 
of them may not have any interest at all as is 
also often true. But unfortunately most often, 
barring some exceptions, the funding agencies 
and the administration of the institution ignore 
such demands and only provide for all that is 
demanded by the majority or those having 
proper influence on them. By neglecting the 
legitimate demand of an individual or a small 
group doing research in a thriving area in 
science they destroy the energy and enthusiasm 
of the competent men having the ability to 
work in frontier areas of relevance. This 
hinders the advancement of science and the 
institution also loses an opportunity to gain 
fame as an excellent center of scientific activity. 
The visiting committees sent by funding 
agencies often do not have competent men with 
adequate knowledge and expertise for any 
objective assessment, nor do they have enough 
time to do the assigned job as best as possible 
and most often they are also guided by extra¬ 
neous and petty personal considerations. 
Moreover, the universities in general do not 
have good facilities for the maintenance and 
upkeep of costly equipment which require 
regular attention and servicing. As a result 
whatever facilities are made available with the 
meagre resources remain inoperative most of 
the time. Apart from providing adequate 
infrastructural support to the competent indi¬ 
viduals, it is also necessary to create an enviro- 
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nment in our insthutions which is not vitiated 
by any official red tape such that conditions 
are congenial for the activities to thrive and 
science to develop. Excellence often meets 
with a casualty in our institutions due to group 
rivalry, envy and jelousy of the less competent 
individuals and organised groups. 

While the need to support basic research 
cannot be over emphasized, it is necessary to 
remember that basic research consumes wealth 
which in turn is generated by technology and 
this latter develops with the aid of science, and 
this is a cyclic process. While basic research 
should be a major activity in the universities 
for the training of students and for the 
advancement of knowledge, the training can 
become much more realistic and socially 
relevant and benefit both the students and the 
nation if the applications of knowledge are 
also kept in mind in the selection of research 
problems even in the ,universities, although 


each and every such problem need not be 
technology oriented. The existing Ph,D. 
programmes in the universities are far from 
being satisfactory as the investigations under* 
taken are mostly imitative, meaningless and 
even at times phoney and not all suited to 
create the inquisitiveness in the students or 
developing their faculties to the extent that 
they can become problem solvers and are able 
to face the challeges in the field. Our scientific 
societies, associations and organisations need 
to think seriously of this state and should 
organise seminars, symposia, workshops, etc. 
to discuss such issues critically so as to be 
able to evolve methods for an all round 
improvement of the science research pro¬ 
grammes and also may help to identify areas 
of research as may be relevant to science and 
the society in the present time. □ 

D. Banerjea 


HUNDRED YEARS OF HERTZIAN WAVES 


B. R. NAG* 


The Discovery 

Electricity and magnetism has been known 
from the very early days of human civili¬ 
zation. Systematic studies of the pheno¬ 
mena were, however, made from the last part 
of the eighteenth century. Coulomb discovered 
in 1785, the law of interaction between two 
point electrostatic charges. In 1820, Oersted 
stumbled upon the fact that electric currents 
produce magnetic effects. The effect was 
quantified by Biot and Savart in 1824. Then 
in 1825, Faraday discovered electro-magnetic 
induction. Finally, in 1864, Maxwell inte¬ 


grated all these discoveries and introduced the 
doctrine which in his own words asserted ‘that 
the true electric current, that on which the 
electromagnetic phenomena depend, is not 
the same thing as the current of conduction, 
but that the time variation of the electric 
displacement must be taken into account in 
estimating the total movement of electricity’. 
This doctrine led him to conclude that ‘the 
condition of things at the point 0 at any 
instant depends on the condition of things at 
a distance Vt and at an interval of time t 

^Centre of Advanced Study in Radio Physics and 
Electronics, Calcutta University, Calcutta. 


VOL. 64. NO. 12 


383 



previously, so that any disturbance is pro¬ 
pagated through the medium with the velocity 
V’, The velocity V was found by him to be 
equal to v(=l/K;t), K being the specific 
capacity and fi the permeability of the medium. 
Thus, by introducing the displacement current 
Maxwell showed that an oscillating current 
should produce electric and magnetic fields or 
electromagnetic field, which travels as a 
wave. He then proceeded to prove that light 
is also an electromagnetic wave. His con¬ 
clusion was based on the argument. *on the 
theory that light is an electromagnetic distur¬ 
bance propagated in the same medium through 
which other electromagnetic actions are trans¬ 
mitted, V must be the velocity of light, a 
quantity the value of which has been estimated 
by several methods. On the other hand, v is 
the number of electrostatic units of electricity 
in one electromagnetic unit and the methods 
of determining this quantity have been 
described else where. They are quite indepen¬ 
dent of the methods of finding the velocity of 
light. Hence the agreement or disagreement 
of the values of V and v furnishes a test of 
the electromagnetic theory of light’. The 
values of v (calculated from the values of 
K and y) and of V as measured at the time 
of Maxwell, were of the same order of magni¬ 
tude, although not exactly equal, which fact 
was taken as a proof of the electromagnetic 
theory of light. Maxwell apparently was 
interested more in understanding light than 
in exploring the electromagnetic wave. The 
existence of the electromagnetic wave, the 
wave which he predicted would be generated 
by an oscillating current, was not pursued by 
him experimentally. 

A few years later, in 1888, Hertz per¬ 
formed the required experiment, perhaps in 
response to Helmholtz’s question set in 1879 
for a prize of the Berlin Academy. The 
question was, '^Whether the polarization and 
depolarization of an insulator should produce 
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in its neighborhood the same electromagnetic 
effect as a galvanic current in a conductor*. 
Hertz attached two 40 ems square brass plates 
to two short rods terminating in brass knobs, 
which formed a spark gap. Sparks were 
produced in the gap by an induction coil 
connected to the knobs. An oscillatory current 
of a period of about 1.4 x 10**s passed in 
surges across the gap. To detect any possible 
electromagnetic wave, a zinc plate was placed 
at a distance, and the field in the space between 
the oscillator and the plate was explored by 
detectors in the form of wires bent into circles 
with ends terminating in knobs between which 
sparks were produced by the electromagnetic 
fields. By adjusting the distance between the 
knobs, the period of oscillations of the induced 
current in the detector loops was made equal 
to that of the source currents and Hertz 
detected variation of the response with distance 
and identified antinodal points as in acoustic 
stationary waves. The wavelength worked 
out to be about 4.2 m as would be expected 
if the electromagnetic field travelled with the 
velocity of light i.e. with a velocity of 3x10^® 
cm/s. The electromagnetic wave predicted by 
Maxwell became a reality through this experi¬ 
ment and Hertzian wave was born. 

Physics of Hertzian Waves 

Maxwell’s electromagnetic theory of light 
was not readily accepted, as reduction of 
optics to a branch of electromagnetics was 
considered bizarre. Few scientists taught 
the theory, Helmholtz and Rowland being 
notable exceptions, who used it in their uni¬ 
versity lectures. However, the theory provided 
ready explanations for many phenomena in 
optics e.g., reflection, refraction, polarization, 
interference and diffraction, for the explanation 
of which the wave theory of light was pro¬ 
pounded. It removed the diteculty of light 
being viewed as waves in a material medium, 
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called the ether^ which had to be ascribed 
unrealistic properties. Electromagnetic theory 
did not require postulation of ether, as the 
wave now meant wave like variation in the 
intensity of the fields. 

In the first few years after Hertz reported 
his experiments, scientists did essential experi¬ 
ments to check the electromagnetic theory of 
light, to check if the Hertzian waves had all 
the properties of light wave. Although Max¬ 
well’s theory established that light and Hertzian 
wave were basically the same, there remained 
some distinctions. Light is produced by 
chemical reactions or by heating a material, 
has very small wavelength and can be 
sensed by human beings. On the other hand, 
Hertzian wave was produced by current 
oscillations, its wavelength could be made 
very large and it could not be directly sensed. 
Hence evidences other than the equality of the 
velocity of propagation were sought to firmly 
establish the equivalence of the two waves, 
generated in completely different ways. Experi¬ 
ments were conducted with Hertzian waves on 
reflection, refraction and polarisation. Refle¬ 
ction experiments were done using metals or 
slabs of paraffin and refraction experiments 
with prizms of pitch or paraffin. Grating.s, 
which acted as Nicol’s prism for these waves, 
were used to determine the planes of polari¬ 
sation. 

J. C. Bose made the most extensive contri¬ 
butions to establish the Itght-like properties 
of Hertzian waves. He made an important 
innovation. Hertz’s waves had wavelengths 
of the order of meters and hence reflection and 
other experiments required objects of large 
size. It was difficult to eliminate the effects 
of stray signals, which arrived by diffraction 
and reflection from extraneous objects. Bose 
solved the problem by generating short Hert¬ 
zian waves of S mm-1 cm wavelength and 
inventing the horn radiator, with which he 
could produce a radiation beam of 1 cm 


diameter. For delation, be used a cobeitTj 
the sensitivity and reliability of Which wa 
considerably improved by him. Bose cons> 
tructed a portable apparatus to carry on 
investigations on the 'absorption of the 
Hertzian waves in various substances, the 
verification of the laws of reflection, determi¬ 
nation of the refractive indices of several 
dielectrics, double refraction and polarisation 
in crystals, strain double refraction, anomalous 
conductivity associated with certain types of 
polarisers, rotation ot the plane of polari¬ 
sations by a bundle of jute fibres’ and a few 
other experiments. He also invented detectors 
of Hertzian waves using selenium and galena 
crystals, which were the early forms of point 
contact detectors, used extensively at the time 
of the second world war, forty years later. 
In addition to carrying out experiments from 
the point of view of a physicist, Bose was one 
among the pioneers who saw the possibility of 
using the Hertzian waves for signalling to a 
distance. He successfully Remonstrated this 
possibility by activating a pistol from a distance 
by using metal rods with discs at ends as 
radiating and receiving aerials. However, 
Bose did not pursue this possibility further. 
Such applications which have made Hertz’s 
discovery, a vehicle for the evolution of the 
twentieth century civilization, were made by 
other scientists in the years that followed the 
first decade. 

Wireless 

Popov in Russia and Marconi in Italy 
experimented with Hertzian waves almost at 
the same time to send messages to distant 
places. Popov transmitted a message in 1896 
to a distance of2S0ra and then in 1897 he 
increased the distance to 5 km and finally „ in 
1899 to 45 km. Marconi, on the other hand, 
announced in 1901 that he could send by using 
Hertzian waves, telegraphic messages across 
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the Atlantic from Poldhu in Cornwall, England 
to St. John’s, New foundland. Marconi’s 
success in transmitting waves to distances 
beyond the line-of-sight round the curved earth 
established the Hertzian waves as a carrier of 
transatlantic telegraphic messages. Wireless 
was thus born and it was a boon to ships as 
dramatised by the Titanic disaster. The isola¬ 
tion of the ships at sea was now a thing of 
the past as they could be in constant contact 
with the shore and other ships by wireless. 
Invention of the wireless made Hertzian waves 
a useful gift of science to. mankind and 
captured the public imagination. A labora¬ 
tory curiosity was transformed into a public 
untility. 

Wireless continued to be the major appli¬ 
cation of Hertzian waves for the first two 
decades of the twentieth century till the first 
world war. The waves were very long in the 
2000 to 20,000 meters range, were generated 
by sparks, arcs or alternators and detected by 
coherers and later by Fleming valves and De 
Forest audions. 

Radio and Television 

The invention of vacuum tubes (also called 
valves) changed the techniques of generation 
and detection of Hertzian waves. It became 
possible to generate high power waves in the 
wavelength range of 200-600 m and to modu¬ 
late them with audio signals. Receivers were 
also developed which had great sensitivity. 
All these developments heralded Broadcasting 
and the first Broadcasting station started 
functioning in 1920 at KDKA, Pittsburgh. 
The age of radios began and Hertzian waves 
were now known as radio waves. Amateurs 
started using the waves all around the world 
to communicate with each other for pleasure. 
One such amateur, Godley found that transat¬ 
lantic communication could be done better 
by using wavelengths below 200 meters. In 

^6 


course of time, the wavelengths of radio waves 
were made as short as 11 m or frequencies 
upto about 30 MHz were being used for 
Broadcasting. Radios encompassed the 
medium waves (200-600 ra) as well as short 
waves (200-11 m). 

The propagation of radio waves round the 
surface of the earth posed a new problem in 
physics. Attempts were made initially to 
explain the observation as being due to diffra¬ 
ction. But, quantitative agreement could not 
be obtained. In 1902, however, it was sugges¬ 
ted that a conducting layer formed of ions 
produced by solar radiation in the upper 
regions of the earth’s atmosphere may act as 
a reflector to cause the transmission beyond 
line-of-sight. The existence of such a layer 
was later deduced from the analysis of the 
peculiarities of short wave propagation and 
finally in 1926, proved by an echo-sounding 
experiment. The ionized region, so discovered, 
was named ionosphere and became a subject 
of intense study in later years. As short-wave 
radio communication in the form of telephony 
and broadcasting depended fully on the iono¬ 
sphere, its properties were required to be 
understood. The physics of propagation of 
Hertzian waves through the ionosphere as 
affected by the earth’s magnetic field was first 
clarified. The mechanisms of the formation 
of the ionosphere was then studied. 

Ionosphere is a very complex reflector, 
having an extent from 60 km above the sur¬ 
face of the earth to the fringes of the earth’s 
atmosphere. It is a variable medium, being 
controlled by the Sun. Hence, its characteri¬ 
stics had to be continuously measured and 
predicted for the satisfactory performance of 
short wave communication systems. Labora¬ 
tories grew all around the world for this 
purpose. Significant contributions were made 
by S. K. Mitra and his students in this world 
wide activity. Interest in such studies has not 
died down as different problems'crop up with 
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the use of different parte of the spectrum of 
Hertzian waves for communication, and 
solution of these problems require a more 
complete understanding of the ionosphere. 

In the same period, when Hertzian waves 
became useful for mankind as the carrier of 
telegraphic, telephonic and broadcasting sig¬ 
nals, Television was invented to serve as an 
instrument of public entertainment. Television 
signals are also transmitted by using Hertzian 
waves. However, as the bandwidth for 
picture transmission is about 5 MHz, to trans¬ 
mit these signals, the technology had to be 
extended to meter range upto frequencies of 
a few hundred megahertz. Very high frequ¬ 
ency (VHF) and ultra high frequency (UHF) 
techniques were developed for the purpose. 
The techniques were basically the same as for 
radio frequencies, but the sizes of the devices 
and transmission circuits were smaller. These 
high frequency waves are not reflected by the 
ionosphere. Transmitted' signals on these 
waves reach the receivers directly. Only the 
intervening earth’s atmosphere, the tropos¬ 
phere, affect the waves and these effects are of 
current interest in many parts of the world. 

Radar and Microwaves 

In the first half, of the hundred years of 
Hertzian waves, public entertainment and 
communication were the main fields of its 
applications. Developments took a new turn 
at the beginning of the second half when 
World War II began. There was a resurgence 
of centimeter waves of Bose to meet the needs 
of the war. These waves were named micro- 
waves and used in radars for the detection and 
ranging of distant objects. Radars were applied 
mainly to locate ships and aircrafts and also to 
map territories at the time of the war. 

After the war, various forms of radars 
were developed to carry out different kinds of 
jobs. Ground-based radars are used for air¬ 


craft locatioa, aircraft tracking, navi^tion, 
harbour and river surveilluic^ speed indica¬ 
tion, weather monitoring, astronomy and 
ionosphere sounding. Radar on ships h^p 
searching for other ships, nearby land masses, 
buoys and in navigation. Aircrafts use radars 
for weather observation, navigation, collision 
avoidance, distance measurement, navigation, 
altitute measurement and mapping of terri¬ 
tories. Radars are used by the military for 
tracking and detection of aircraft, missiles, 
ships, land vehicles, men, artillery and mortar 
shells and for different kinds of fire control, 
missile guidance, weapon fuses and reconna- 
ssance. To meet the multifarious requirements 
radars of many different kinds have been 
developed. 

The operating frequencies of radars are in 
bands around 10, 16, 35 and 95 GHz and 
span the wavelengths from 3 centimeters to 
about 3 mm. These various kinds of radars 
have been developed in course of the 
last fifty years and the working wavelengths 
have been made shorter and shorter to reach 
mm’s. Such developments continue to be the 
current activity with Hertzian waves. 

Hertzian Waves in Space 

The first artificial satellite the sputnik, was 
put in orbit in 1957. Satellites with different 
capabilities were developed in course of time. 
Some of them go round the earth, remote 
sensing territories to collect information about 
vegetation, minerals and military establish¬ 
ments. Others are used to collect data for 
weather forecasting, for transworld communi¬ 
cation, for computer networking and other 
forms of data transmission. Using such 
systems, events are televised at homes from 
other ends of the world. Cloud formation, 
piedictihg the weather condition, are telecast 
for public convenience. The medium for all 
these services is Hertzian waves in the micro- 
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wave (4-6, 11-14 GHz) range which travel to 
the satellites from ground stations or from 
satellites to reception centres. Satellites are 
monitored and guided also by microwaves. 

The Hertzian waves have travelled deep 
into space along with the satellites exploring 
the solar systems. Such satellites transmit the 
collected information from Uranus and beyond 
by using Hertzian waves. However, Hertz’s 
discovery and the subsequent technological 
developments also ushered in a new era of 
astronomy. Jansky made the serendipitous 
discovery that radio waves are emitted by our 
galaxy. This dicovery was followed up and a 
new window operating at millimeter to kilo> 
meter wavelengths was opened for the explo¬ 
ration of the Universe. New astronomical 
objects, Pulsars and Quassars, were discovered. 
The temperature of 3 K for the Universe was 
determined by measuring the residual micro- 
wave signals of the primordial radiation. 
Radio telescopes operate today to make obser¬ 
vations of objects at distances of more than 
10 billion years. 

The Future 

Hertzian waves are produced in nature by 
lightning and cosmic objects. However, as 
the waves can not be sensed by us like light 
or heat, their existence was not known before 
Hertz’s discovery. In the hundred years 
following the discovery, the :waves have been 
put to many different uses. Radio, Television, 
Radar, Satellites, Computer Networks, Com¬ 
munication systems, all use Hertzian waves as 
the carrier of information. The advent of 
semiconductor electronics has made possible 
miniaturisation of. the transmitters and recei¬ 
vers. The waves are increasingly being applied 
using the miniature devices to serve various 
domestic purposes through cordless telephons, 
cordless buzzers, wireless toys, mobile radios, 
burglar alarms, automatic door closers, ovens 
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and such other appliances. Applications go 
on multiplying every year. Many phenomena 
in physics are also studied by using Hertzian 
waves. 

In the initial years of the application of 
Hertzian waves, the frequencies were low and 
wavelengths were long. The frequenefes have 
gone up and the wavelength has been shortened 
over the years. Techniques of generation, 
transmission and detection of the waves have 
also been changing all the time. The gap 
between the Hertzian waves and heat rays i.e. 
the lower end of light waves has been narro¬ 
wing every year. Shortest Hertzian waves 
now have wavelengths of fractions of a mm, 
merging with the heat rays. Coherence was a 
characteristic properly of artihcially produced 
Hertzian waves. After the invention of lasers, 
it has been possible to produce coherent light 
and heat rays. Consequently as Hertzian 
waves are displacing light in some applications 
c.g., in mapping and imaging, light is also 
being used in areas, such as communication 
systems and radars, in place of Hertzian 
waves. 

The distinction in applications of the two 
forms of electromagnetic wave is gradually 
disappearing and one may expect that the 
merger of the two waves will be complete 
before the end of this century. The man-made 
electromagnetic wave will be one with the 
natural electromagnetic wave in all aspects of 
physics as well as of applications. □ 
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THE SUN AND THE SOLAR ENERGY 

S. DEB* 


1. Introduction 

That the sun is the primary source of 
life and energy on the earth had been known 
from time immemorial. It is this realisation 
that had led to the cult of sun worship in 
ancient days. Instances also abound of man’s 
early attempts at using sunlight in his own 
ingeneous ways. It appears that the art of 
making fire out of solar energy had been 
known long before the birth of Christ—records 
being there of holy virgins in the temple of 
Vesta in Rome lighting up the sacred alter fire 
using conical triangular concentrators in 700 
B.C. 500 years after that, Arche medes used a 
mosaic type plain mirror solar concentrator to 
burn down the ships of the Roman invaders. 
Since then practicabilities of a variety of solar 
gadgets for use in domestic, agricultural and 
industrial fields had been successfully demon¬ 


strated. These form the topics of innumerable 
lectures, books, conferences, workshops and 
the like. A plunge into the vast stream of 
this literatures calls for a prior understanding 
of what the sun is, what sort of radiation it 
sends down to us, how this energy is distri¬ 
buted over the surface of the earth and in 
which broad ways this can be harnessed for 
use in day-to-day life. Brief answers to these 
questions constitute the theme of the present 
article. 

2. The Sun 

The sun is apparently the largest and the 
brightest heavenly body as seen from the 
earth. Actually, it is our nearest star belon- 
ing to a spiral galaxy at a distance of about 
10 kilo par sec (1 kpc--3.1 x I0*‘ cm) from 
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the central nucleus and is located at the inner 
edge of a spiral arm. It has the chemical 
composition and kinematical properties typical 
of other stars which together constitute the flat 
and the fast rotating (at 250 km/sec) disc of the 
galaxy. It is a so called G 2 type dwarf 
star. 

(i) The structure : The sun is actually 
a gigantic and turbulent fireball of mass (Mo) 
1.99 X 10*® kg and radius (Ro) 6.96 x 10* km 
with average mass density 1.410 ± 0.002 g 
cm~*, mean surface temperature roughly 
6000°K. Actually this last varies from about 
6750®K at the centre to about SSOO^’K. at the 
edge as seen from the earth. The sun is 
situated at a mean distance 215 Ro from the 
earth. It consists of a few distinct regions as 
described below : 

(a) The central core of radius 0.23 R® and 
mass 0.4 Mo at a temperature exceeding 
1.5 X 10^ °K and density exceeding 100 g 
cm'*. It is here that the primary process, 
generating solar radiation, takes place. 

(b) The core is followed by the photo¬ 
sphere which is the main source of radiation 
as received by us. Here, energy transfer takes 
place through convection, the density falls to 
10"* g cm"* and temperature to 6000'‘K. 
About 35% of its surface is covered by unstable 
granules which have dia metre 400<1000 km 
and are 35-40% brighter than the background. 
These aie caused by convection. The centres 
of the adjacent ones are 2.5'-2.6' apart with 
a mean life 8.6 ± 0.2 min. The photosphere 
emits continuous spectrum. 

(c) Above the photosphere is a relatively 
thin reversing layer where the temperature 
drops to about 5300°C. 

(d) The reversing layer is followed by the 
chromosphere—so called because of its red 
colour arising out of emission of lines 

(6563 A). It is composed of a large number 
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of jets called spicula which intermingle at 
supersonic speed, causing excitation of shock 
waves. It is a transparent layer of rarefied 
gas, about 10* km thick and contributes about 
10"* of the total solar energy emitted. The 
temperature rises from about 4500°^ at the 
base to 10* ®K at the terminal layer. The 
density decreases outward. This is alsy the 
seat of selective absorption of the radiation 
coming from the inner region of the sun. 

(e) The chromosphere is surrounded by 
the whitish glowing coronas consisting of 
highly rarefied and ionised gas at about 10* °K 
and extending to millions of km into the 
space. Its fractional contribution to emitted 
solar radiation is no more than 10'®. 

Apart from the above the sun also exhibits 
irregularities like the sunspots, the floculas 
and the flares. The sunspots have tempera¬ 
ture of about 4500°K with a luminosity 18% 
of the normal areas and are probably of 
magnetobydrodynamic origin. Depending 
upon the size, the life of a sunspot varies from 
a few days to a few months. Floculas, found 
near the sunspot, are glowing white Ca cloud 
probably caused by microwave discharge. These 
are about 10% brighter than the background 
and have a mean lifetime of 30 min. Flares 
are chromospheric eruptions appearing and 
spreading at velocities upto 1000 km/s. They 
increase rapidly acquiring peak in a few 
minutes and declining within about 15 minutes 
and emitting intense UV, X-rays and corpus¬ 
cular radiation. 

The sun rotates about is axis more like a 
fluid body—equator rotating faster than the 
polar belts. 

(ii) Source of Solar Energy : According 
to the most widely accepted theory, originally 
proposed by Bethe, the primary energy-libera¬ 
ting process in the sun is a thermonuclear 
one, caused in the core region by the high 
temperature and density. In the so called 
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gC* process the followiag successive nuclear 
transformations occur** : 

To start with there is a reaction with a 
1 

prbton (jH) leading to the formation of the 
18 

isotope 7 N and emission of y radiation 

15 1 18 

eC+,H-—^ rN + y. • (1) 

The introgen isotope then breaks into the 
1 3 

carbon isotope gC and a positron 

13 IS + 

,N—..(2) 

IS 1 ♦ 

gC then unites with a proton to form 
and emit y-ray 

13 1 14 

gC4 ,H —^ jN + y. ..(3) 

Union of the new nitrogen isotope with a 

1 & 

second proton yields gO and more y-rays 

14 1 1# 

4 - ,H —► gO + y. •••(4) 

15 10 

The unstable isotope gO breaks into 
and positron 

16 15 + 

gO-^ ,N + i 8 , -(5) 

The nitrogen isotope, finally, unites with a 
proton, as 

15 1 4 19 

+ ,H —► gHe 4 - eC .. ( 6 ) 

At the end a helium nucleus is formed at the 
expense of 4 protons along with the original 

19 

a gC atom to continue the chain. It may 

oMeans a carbon atom of mass 12 AMV and atomic 
number 6 

**Neutrinos have not been shown in (IH^O) 


be shown Utfit during the r^ictions (IH^) 
above a total mass 0.044 x 10*>* g is 
and this is converted into energy ibliowing 
Einstein’s law; 

E = m C* (7) 

A second possible process is the proton- 
proton reaction proposed by Bethe, Critchficld, 
Fowler and Lauritsch and described by the 
Equations** : 

2 ,'h + 2 Ih —► 2 4- 2 J .(8) 

2'D4-2 Ih—> 2 ‘He4-y -.(9) 

gHe 4" jHe ——*> gHe 4" 2 |H ••■(10) 

This would be possible if a contraction process, 
lasting about 5 x 10^ years, takes place. 

These theories are supported by the pre¬ 
sence of He in the sun to the extent of 2% 
of the total mass. This accumulation should 
be possible in 2 x 10 ^ years which is the 
lower limit of the sun’s age deduced from 
meteors by the radioactive method. According 
to (7), 1 g of matter can produce 9 x 10*® 
ergs. The total luminous output of the sun is 
estimated to be 3,9 x 10»> ergs 8 ‘‘. Thus, 
over 4 million tons of solar mass must be 
annihilated per sec to support this output. 

The radiation is produced in the core in 
the form of y-rays and X-rays. These travel 
a distance of at least 0.7 Rg from the centre 
before being converted into UV, visible and 
IR in the photosphere through secondary 
processes. Some of these radiations are 
absorbed in the cooler reversing and chromo¬ 
spheric layers giving rise to the dark Ffhun- 
hofer lines in the solar spectrum. The sun 
also emits corpscular radiation which is no ^ 
more than about 10 particles cm~* in the 
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extreme outer region of the earth’s atmosphere 
—the so called exosphere—.and shielded from 
the earth’s surface by the geomagnetic field. 

3. Solar Irradiance : Oatside the 
Atmosphere 

The sun subtends an angle 31.54' at the 
earth and of its total luminous output only 
that contained within the solid angle defined 
by this reaches the earth’s atmospheric 
boundary. This is further weakened while 
traversing the terrestrial atmosphere, through 
absorption and scattering and is also qualita¬ 
tively altered through selective absorption. 

(i) The Spectral Irradiance : Neglecting 
the absorption lines, the spectral irradiance of 
the radiation, as received at the farthest 
boundary of the terrestrial atmosphere, is 
illustrated by curve B in Fig. 1 in which curve 
A depicts the same for a black body at 6000°K. 



Wavelength, um 

Fig. 1. Showing typical spectral distribution of solar 
radiation; A : Energy curve for black body at 
6000°K, B : Solar energy curve outside atmos¬ 
phere. C ; Solar energy curve at sea level. 

Thekaekara has given accurate values of extra, 
terrestrial irradiance over 1 A interval for the 
range 3000.6 lOOA. 

(ii) The Solar Constant : Excepting the 
Solar Satellite Power Supply, which still 
remains a concept on paper, and space 
vehicles supplies all the solar gadgets have to 
be ground-based. As such the extra-terrestrial 
solar radiation would appear to be of secon¬ 


dary interest. However, a knowledge of the 
quality and quantity of this radiation is essen¬ 
tial for estimation of the total energy emitted 
by and received from the sun. An useful 
concept for this purpose is that of the solar 
constant introduced by Pouillet in 1837 and 
determined by Langley in 1881. 

The solar constant I, is defined as the 
quantity of solar energy incident on unit area 
placed normal to the solar ray path outside 
the earth’s atmosphere at the mean sun-earth 
distance which is taken as the semimajor axis 
of the earth’s orbit or 1.496 x 10“ m, also 
called the astronomical unit (AU). Usually 
this is expressed in Cal. cm**^ min~S (the 
langley) although the use of SI unit W m'^ 
should be more desirable. The NASA/ASTM 
standard value of the solar constant, accurate 
within ± 1.5%, is 

I, — 1.94 Cal cm-2 min* ‘ 

= 1353 Wm-3 
= 429.2Btuft-8 h-‘ 

= 125.7 W ft-2 
= 1.81 hp m-2 
= 1,94 Langley min* *. 

The solar constant I, gives the total solar 
irradiance for sun-earth distance equal to 1 AU. 
For any other distance the total irradiance is 
lo divided by the (distance in AU)>*. There 
are reasons to believe that To varies with the 
solar magnetic and the sunspots cycle. Specu- 
lations regarding the variability of solar 
constant, of course, exist. Rocket explora¬ 
tion and past data rule out more than db 1% 
variation during the last 50 years. But it is 
thought that even a 0.1% variation can have 
marked effect on ecology and society. 

vActualiy the sun-earth distance, on the n-th day of 
the year, is given by : sun-earth distanota 1.496x10*^ 

^1+0.017 sin ^2 w Jjj m. 
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(iii) Total Energy Received : The rate of 
receipt of the total energy from the sun by the 
eartfa'satmosphere has been estimated to be : 

5200 Q Yr’Ml Q^10»8 Btu) 

= 5.445 X 10*« J Yr-* 

= 1.5125 X 10‘9 KWh Yr-> 

Compared to this the total man-made energy 
in 1970 was only 2x 10*° J ! 

4. Solar Irradiance at the Ground Level: 

Effect of the Atmosphere 

The magnitude, spectral character and 
directivity of solar radiation are affected while 
it traverses the earth's atmosphere (curve C in 
Fig. 1). Under cloud-free condition, four 
distinct processes are responsible for this, 
viz, 

(i) Selective absorption by Og, Oj, COg 
and water vapour. This affects both the mag¬ 
nitude and spectral composition and also limits 
the shortwave radiation to 0.24 p. 

(ii) Rayleigh scattering due to molecular 
constituents of the atmosphere following the 
well-known A~*-law. Thus, short-wave domi¬ 
nates in the scattered light giving rise to the 
blue of the sky. 

(iii) Mie scattering by aerosoles, viz., 
dusts, smokes and pollen’s etc. having a size 
comparable to A. A small amount of this 
light can also be absorbed by such particulate 
constituents of the atmosphere. This is a 
much more complicated and asymmetric 
process compared to (ii) and is prone to ■ 
more pronounced statistical variations. 

(iv) A small amount of radiation is also 
lost due to reflection at the top of the atmo¬ 
sphere. 

With clouds, the following additional effects 
come into play: 

(v) Absorption by water: With dense 
cloud this may approach 80-90%. 


(vi) Scattering by molecular water In 
addition to (ii) and (iii) above. 

(vii) Reflections at the top and the bottom 
layer of the cloud. 

(a) Airmass : The effect of atmospheric 
absorption is conveniently gauged in terms of 
a parameter called the ‘airmass* (AM). Its 
value, just outside the atmosphere, is taken 
to be zero (AMO). The noon-time absorption 
in summer, as oserved at the sea level, is 
assigned an airmass unity. At any other 
inclination the ray path traverses a greater 
mass of atmospheric matter and as such the 
AM increases above 1. If the ray path is 
inclined to the vertical at an angle i, (the solar 
zenith distance z), then conceiving of a mean 
molecular mass with a unique mass absorption 
coefiicieot for the radiation and disregarding 
the variation of g, the acceleration due to 
gravity with height, one can show easily 
that 

AM = sec i = l/[cos L cos S cos 
+ sin L sin 8] ...(11) 

which approaches infinity as i -»> 2 • 

this tA=thetime in hours (noon=0), L==the 
latitute, 8=the declination of the sun with, 

sin S=sin F E cos j, E»the declina- 

L 365 J 

tion at summer solistice=23°27 ; t=the time 
in days measured from June 21. A rule of 
thumb is that I, the irradiance for AMI is 
about 0.7 lo. lo being the AMO irradiance. 
Hence, for AMK 

Ifc-Io(0.7)* ...(12) 

Actual data indicate a relation 

I-Io X .. (13) 

•> 

and the spectral irradiance 

I»(A)=I„(A) [r,(A)/I«(A)] ...(14) 
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(b) Diffuses Direct and Global Radiation : 
Scattering, described under the heads (ii), 
(tii) and (vi) above, throws a part of the 
radiant energy oif the normal course of propa¬ 
gation of solar radiation. The oncoming 
radiation, denuded of this, travels to the earth 
as a Direct Component. About 50% of the 
scatt red component, relatively richer in short¬ 
wave radiation and devoid of a single specific 
directivity, also reaches the earth. This is 
called the Diffuse solar radiation. On a sunny 
day, the ditfuse component accounts for 
roughly 10% of the total radiation. With 
increasing clouding its contribution tends 
towards nearly 100%, of the same. The 
meteorologist usually presents data on the two 
types of radiation in terms of incidence over a 
horizontal surface of unit area. Thus the 
defines : 

The direct radiation Iff at a point as the 
total shortwave radiation passing through unit 
associated horizontal area from over a solid 
angle Aw, subtended by the sun’s disc at that 
point. 

The diffuse radiation D at a point as the 
amount of shortwave radiation scattered 
by the atmosphere and reflected diffusively and 
transmitted by clouds that passes through unit 
horizontal area of the point per unit time. 
Here the related solid angle is 27r-Aw. 

The global solar radiation G is given by 
G = D 4 - I/, • (15) 

In case the unit area is held normal to the 
direct radiation the measured radiation is not 
Iff but I^/sin h, h being the angle of elevation 
of the sun. 

(c) Absorption and Longwave Radiation : 
The radiation absorbed by the atmosphere and 
the earth are re-emitted as long infrared waves. 
A part of that due to the former travels towards 
the earth and that due from to the latter away 
the same. This part of radiation has the 


characteristics of black-body radiation at 
—60®—30®C. In view of the existing thermal 
equilibrium, the net shortwave energy absorbed 
by the earth/atraosphere system must equal 
the net longwave energy emitted. At any 
point, unit horizontal area receives a quantity 
of longwave radiation Lj from the surface and 
lets a quantity L, of such energy go per unit 
time, the net balance being Lj-Lj. 

(d) Reflection : Albedo : A part of the 
incident global radiation is reflected back by 
the earth and is usually expressed as ; 

R - AG, . (16) 

where A is called the ‘albedo’ of the earth’s 
surface. Its value depends on the nature of 
the soil, surface condition and angle of 
incidence. 

The net radiation available is thus 

Q = G-R + Lj-L, .. (17) 

(e) Turbidity : This is determined by the 
vertically integrated amount of dust and other 
particulate matter in the atmosphere. Angst¬ 
rom’s relation, giving the transmission co¬ 
efficient at A is 



when c is a constant depending on the size 
distribution of particles and has an average 
value 1.3. is called the Angstrom’s turbidity 
coefficient. 

(f) The Total Daily Solar Radiation : The 
total solar radiation H on a horizontal surface 
depends upon the heurs of sunshine S. An 
expression relating the two was given in 1924 
by Angstrom. Unfortunately, this involves 
the monthly average value of ^lar radiation 
on a horizontal surface per day for a clear sky 
which is not known precisely. Page, in 1964, 


394 


SCIENCE AND CULTURE, DECEMBER, 1988 



gave a modified expregeion involving the 
average monthly insolation H« at the top of 
the atmosph^e, viz., 

H = Ho (A 4- B S/Z) .. (19) 


horizontal smfhce is given by 

^ =0.3840-0.4160 H/Ho ..(24) 

=0.2710- 2939 ...<25) 


Where A and B are constants and Z is the 
average hours of the length of the day per 
^ month and is given by 


Z = cos-» (-tan L tan S) ...(20) 


Duffie and Beckman gave A=0.30 and 
B 0 34. Massion (1966), on the other hand, 
found empirically that 

H = 60 + (1406.2 S2+7426.6 S)’ (21) 


H being in longleys day*. There are many 
other equations suggested by other authors on 
the strength of specific data. 


Liu and Jordan (1960) have shown that 


Ho = — r B 

^ L 


cos L cos S 
sin W + W sin L sin 8 


] 


( 22 ) 


in which B=442 Btu h’’ ft“*=2 ly min~' 
=0.1396 W cm’*, r is the ratio of the inten¬ 
sity of normal soldf radiation to the solar 
constant 0.I3S3 W cm~* and varies from 
0.9666 on the 21st July to 1.0335 on the 1st 
January and W is the sunset angle given by 


W = COS"*(—tan L tan 8) .. (23) 

They also found that with dust-free cloudless 
localities, with minimum water vapour content 
in the atmosphere, the diffuse and the direct 
radiation varied with each other in a linear 
fashion—both being governed by the AM- 
value. According to them, under this condi¬ 
tion, the total diffuse radiation H^ on a 


H/ being the total direct radiation and 
H<,=0.1396 W cm"*. For cloudy days Fig. 2 
was claimed to give H^ to an accuracy of 



0 2 4 6 b 10 


{H/Ho)*10 

Fig. 2. Showing the relationship between the daily 
total solar radiation and daily diffuse solar 
radiation on a horizontal surface. 

± 5%. Other relations are available for the 
same purpose. 

5. Data Acquisition : Typical Values for India 

The solar energy received at a place has 
diurnal, annual and longterm variations that 
arise, apart from due to atmospheric effects, 
out of varying declination, sun-earth distance, 
length of the daytime and phase of solar 
activities. Measurement of solar radiation 
aims at accurate study and analysis of the 
pattern of these variations for the different 
components of radiation, as received on a 
horizontal and tilted surface at a place and to 
obtain reliable computational models, based on 
longterm data, in order to develop thereof 
practically feasible techniques of foreseeing 
the probable future values of these at the 
chosen place with reasonable degree of con^- 
dence. Such values constitute essential inputs 
to the optimum design of systems dedicated to 
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harnessing solar energy for day-to-day use at 
the place. In spite of decades-old worldwide 
past studies the problem still remains an open 
one. With steadily increasing importance both 
from scientific and technological points of 
views. 

A variety of instruments are used for 
recording solar data. A brief list of these 
is given in Appendix B along with proce¬ 
dures involved in presentation of the recorded 
data. 

Reliable data on solar energy over India 
have been recently published by Mani and 
Rangarajan. They found that the mean monthly 
value of direct solar radiation, normal to the 
solar beam, at noon-time in India varies from 
0.51-1.05 KW cm~2 depending upon the 
latitude, altitude of the station and season. 
During the whole year Rajasthan and Gujrat 
receives over 2000 KWh m-^ while Bihar, 
Bengal and Assam less than 1700 KWh m'^ 
out of global solar radiation. Marked 
decrease occurs throughout the country with 
the onset of the monsoon. The annual diffuse 
radiation increases from 740 KWh m~> in 
Rajasthan, eastwards to 840 KW m*s in Assam 
and south-wards to 920 KWh m”® in the 
extreme south. In typical monsoon months 
of July and August exceeds 100 KWh m"® 
over the Western part and is between 50-90 
KWh m’* over the rest of the country. The 
monthly average of the mean net longwave 
insolation is between 0.03-0.1 KWh m"*. 
Albedo values are not available for many 
places. The recorded data indicates a mean 
value 0.30 with New Delhi value higher than 
those at Poona. 

The turbidity values are higher over the 
Central and Northern India and for the country, 
as a whole, highest during the hot, dry pre¬ 
monsoon summer months and least during 
winter. Calcutta has an exceptionally high 
turbidity owing to local industrial pollution. 
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6. A Case for Hamessfag Solar Energy : 

The Existing Snags 

The Eastern India, excluding OrissS^ com¬ 
prises an area of about 6.25 x 10" km® while 
the rest of India 2.9x10® km*. With the 
annual average receipt of 1700 KWh m“* for 
the former and 2000 KWh m’® for the latter, 
as mentioned earlier, we find that India recei¬ 
ves about 6.6 X I0‘* KWh of solar energy each 
year. This is several 10* times our current 
annual consumption of electricity. Thus, even 
a 1 % of the received solar energy converted 
into useful form, at 10% conversion efficiency, 
can assure a few ten times our supply of 
energy. This possibility has encouraged a 
good deal of interest in harnessing solar energy 
in our country. 

Three principal routes exist for harnessing 
solar energy. These are the Thermal, the 
Electrical and the Chemical methods of conver¬ 
sion. Sub-routes and their hybrid counterparts 
are given below; 

Thermal : Heating, Distillation, 

Drying, Cooling and 
Running Prime Mov¬ 
ers, Furnaces and 
Wind Mills. 

Electrical : Photovoltaic and Pho- 

togalvanic Conver¬ 
sions. 

Chemical : Photosynthesis: 

Biomass. 

Thermal!Electrical : Ocean Thermal, Ther¬ 
moelectrical and Ther¬ 
mionic Conversion. 

ThermallChemical : Thermochemical Con¬ 
version. 

ElectricallChemical : Photoelactrochemical 

conversion and Photo¬ 
lysis. 
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Technical feasibilitict of most of these 
various methods of conversion have been 
established beyond doubt. These ensure pollu* 
tion free generation and supplies at the points 
of use. But much remains to be done In 
respect of economic viability and social accep* 
tance. The process of photosynthesis had 
actually been evolved by Nature herself but is 
plagued by an extremely poor efficiency. This 
last drawback also applies to Photolysis, 
Photogalvanic, Thermionic and Thermoelectric 
methods. To that extent these require compa¬ 
ratively more efforts for attainment of practi¬ 
cability. A great handicap of solar energy is 
its intermitiend nature, arising out of predic¬ 
table and unpredictable variations. This 
makes a continuous and reliable supply system, 
based on this, a difficult proposition without 
some integral arrangement for storage. Bio¬ 
mass/Ocean Energy and to a lesser extent, 
some forms of photoelectrochemical cells, 
posses this feature. A few special applications 
like lifting water for irrigation, can also work 
without storage. But for others we have yet 
to search out satisfactory means of storage. 

7. Importance of Data on Solar Energy 

Irrespective of actual method of harnessing 
adopted, a satisfactory design of solar energy 
conversion system, requires reliable data on 
solar insolation at the point of use as stated in 
Sec. 5. Any design, based on average values, 
computed from recordings at unevently sca¬ 


ttered handful of stations, carries the iidcof 
serious future operalkmal trouble. In spite 
of the aforesaid attempts by Mani and FUmga- 
rajan to chronicle the existing available data, 
the fact remains that these represent obser¬ 
vations at only 25 stations which is quite 
meagre for a vast country like India. Faci¬ 
lities for recording of insolations must be 
more extensively distributed. Moreover, while 
the usual meteorological data relate to inci¬ 
dence on a horizontal surface, many solar 
devices require those for a tilted surface normal 
to the direct beam. Again, for some such appli¬ 
cations it is the direct radiation that is of para¬ 
mount importance, but for others both the direct 
and the diffuse radiation count. To that extent 
we need many more people familiar with the 
techniques of measurement of solar energy. □ 
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APPENDIX—A 
Some Important Solar data 


Mass (M«) 

Radius (Ro) 

Average density 

Mean sun-earth distance 

Mean angular diameter as seen from earth 


= 1.99x10*0 Kg 
= 6.96 X 10» m 
= 1.410 ± 0.002 gcm-» 

= 1.496xl0**ra = 215 Ro 
31.54' 
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Total luminous output 

Total radiation reaching the outer atmosphere 
Total radiation reaching the earth's surface 
Mean surface temperature 


= 3.9x10*® Joules sec*** 
= 1.5xl0»»KWhyr-* 

= 1.0x10*® KWhyr-* 

= 5750’K 


Solar constant beyond the terrestrial atmosphere (AMO) = 1.94 Langley min~ * =0.135 W cm*** 
Solar Constant at standard sea level (AMI) == 0.10 W cm** , 


APPENDIX—B 

Measuring Instruments for Solar Energy 


Instruments based on calorimetric heating, 
liquid evaporation, differential thermal expan¬ 
sion, photographic recording and thermo¬ 
electric, photovoltaic and photochemical con¬ 
version have been developed for measuring the 
various aspects of solar energy. Only the 
most frequently used ones of these are briefly 
described below. 

The Eppley pyranometer/solarimeter is 
based on measurement of thermo—e.m.f. due 
to differential heating of a succesion of black 
and white wedge-shaped sectors arranged in a 
circular chain and protected by one or more 
glass domes. It measures the global irradiance 
(G). A shading ring is used to cut off direct 
radiation to measure the diffuse component 
(D). The ring may be moved slowly with 
time tracking the sun to record G and D vs 
time leading to the moving shadow version of 
the instrument. The pyranometer is a spec¬ 
trally non-sclective device with a field of view 
2 fr and is the most widely used instrument in 
solarimetry. 

As opposed to the above, the pyrolelio- 
meter has a field of view 6' only and tracks 
the sun continuously to record the direct 
component (1) incident normally on a surface. 
Such data are useful for solar collectors using 
concentrators. 

A simple handy instrument for measure¬ 
ment of O is the Robitzsch bimetallic 
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recorder. The Central Electronics Ltd’s. 
Suryamapi measures the same using a silicon 
solar cell. In the thermoelectric Albedometer 
a pair of pyranometers—one directed upwards 
and the other towards the earth—measures G 
and R to give the albedo. Filters may be 
coupled to a pyranometer to record I (A). 

The so-called sunshine recorders are inten¬ 
ded to give the direction of sunshine above a 
chosen level—say 0.3-0.4 langley min“*. In 
the Campbell-Stoke version a lens focusses 
the sunlight on a moving treated paper that is 
burnt when the focussed radiation exceeds a 
certain level. The length of the burnt track 
gives the duration of bright sunshine above 
that level. 

From G vs t curve one gets 
K 

H - I G dt, 

h. 

as the total energy over a time h, to h,. In 
practice approximate integration methods with 
the O-t curve broken down into a number 
of convenient segments (either linear or steps) 
is more convenient. 

. ay-to-day measurement of H logically 
leads to the pattern of monthly and yearly 
variation at a place. Analogaus procedure 
is adopted to comput Hj and Hp and there 
long-term variations. □ 
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Notes^ndjnewy 

Cutting water 

Using water as its blade, a cutting device 
makes a star out of a 32-mm thick piece of 
metal-matrix composite during a routine 
demonstration at the Lockheed Aeronautical 
System Company in Marietta, Georgia, USA. 
Hailed as an abrasive water«jet, it utilises an 
exceedingly thin and high-power stream of 
water, mingled with garnet abrasives, to incise 
metal or composite material to fashion aircraft 
components. 

Since the above device produces a narrow 
and smooth incision, materials are cut cleaner 
without any ragged edges. There arc no 
deformation or thermal dclamination problems. 
The process is reportedly four times faster 
than traditional cutting methods and dust is 
virtually non-existent. □ 

Span 

Cholesterol free 

There is good news for egg lovers. US 
scientists have “developed” eggs that do not 
raise levels of cholesterol—a villain in heart 
attacks and strokes. As a matter of fact, such 
eggs reduce blood pressure and triglycerides— 
compounds contributing to heart disease. An 
egg of the regular kind averages 274 mg of 
cholesterol. As recommended by the American 
Heart Association, people should not consume 
more than 300 mg of cholesterol pep day, the 
high levels of cholesterol in blood are linked to 
increased risk of hardening of the arteries and 
consequently to heart attacks. 

Suk Y. Oh and his colleagues at the Uni¬ 
versity of Utah “created” these eggs by adding 
fish oil to chicken feed. Fed on this diet for 
8 weeks, hens laid eggs lowering blood pressure 


and blood fats in a batch of 12 healthy people. 
However, there is a demerit. These eggs had 
the smell and taste of fish. But, states Oh, 
this is a minor problem which can possibly 
be solved by feeding hens deodorised fish oil. 

Oh's subjects were divided into two groups, 
each person having 4 eggs daily for 8 weeks. 
The first group ate fish-oil enriched eggs for 
the initial period of 4 weeks, which appreciably 
decreased their blood pressure without altering 
their blood cholesterol. When they switched 
over to regular eggs for the last 4 weeks, their 
cholesterol levels enhanced by 5-10% and their 
blood pressure was restored to their original 
value and their triglyceride levels shot up 
significantly. 

The results of the second group, which 
began first on a regimen of ordinary eggs and 
later transferred to the “fishy” eggs, were 
diametrically opposite. At the end of 4 weeks, 
their blood cholesterol levels registered a sharp 
increase. By the end of the 8th week, their 
cholesterol levels had dropped to normal and 
their blood pressure and trigly^ride levels also 
declined appreciably. 

Once the preliminary findings are confirmed 
in a large-scale investigation, which Oh 
expects to be soon, people can eat as many of 
these eggs they desire sans the risk of deve¬ 
loping coronary heart disease. Fishy eggs 
could then Join low-cholesterol egg substitutes 
in America by 1989. However, they will be 
approximately 40% expensive than regular eggs 
because of the added price of fish oil. □ 

Span 


Deep-sea mlnhtg 

India has formulated a time-bound action 
programme to undertake deep-sea mining by 
the early part of the 21st Century. Under the 
programme, the country would take steps to 
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acquire the know-how for mining of poly¬ 
metallic nodules at depths of 4,500-6,000 m 
and develop the technology to extract metals 
from the nodules. Scientists at the Depart¬ 
ment of Ocean Development (DOD), New 
Delhi, believe that mining of nodules would 
be technologically possible, economically 
feasible and ecologically acceptable. 

S. Z. Qasim, Secretary, DOD stated, 
“India will soon start an intensive survey of 
the mining site, allotcd to the country by the 
International Sea-bed Authority in the Central 
Indian Ocean, for large-scale mining of nodules 
along with environmental studies”. A broad 
time-frame for the development and commi¬ 
ssioning of the commercial plant which was 
expected to mine about three million tons of 
dry nodules per annum, has been evolved. 
The pilot plant for nodule processing would 
be commissioned in 1990, semi-commercial 
plant by 1995 and commercial plant by 2005. 

According to S K. Mukherjee, a Senior 
Officer of DOD, there are three methods— 
hydraulic-lift system, continuous line-bucket 
mining system and modular or shuttle-mining 
system—used to mine nodules from the deep 
sea. During the test mining, the nodules 
would be harvested in one cruise and stored 
there. However, during commercial mining, 
separate bulk carriers would be deployed as 
transport vessels to maximise the utilisation 
of the mining vessel with high degree of 
endurance. The transfer of nodules to tran¬ 
sport ships could be achieved by two alternate 
modes—slurry transfer and conveyor or pneu¬ 
matic transfer. Shore terminals would be 
required during the commercial mining stage 
for unloading and storage of nodules and to 
provide necessary logistic support to the mining 
operation. Such a port could be set up in 
Cochin or Paradip. 

Based on the results of pilot plants, the 
optimum route would be selected. For this 
process, a semi-commercial plant having a 


rated capacity of 170 tons a day would be 
installed. Finally, a commercial process plant 
with a yearly capacity of 300,000 tonnes would 
be set up. The purpose of whole exercise is 
to reduce the country’s dependence on imports 
of cobalt, copper and nickel. □ 

The Statesman 


Weather forecasting in computer, a thing 
of the future 

A ten-day forecast using numerical wheather 
prediction models on a supercomputer like 
the Cray X-MP is still a thing of the future, 
according to Prof. P. K. Das, former Director 
General of the India Meteorological Depart¬ 
ment (IMD) and currently Professor Emeritus 
at the Indian Institute of Technology, Delhi. 

Striking a note of caution he said : “By 
stating that such a prediction would be possible 
we are at the danger of presenting an over- 
optimistic picture of the extent of possible 
immediate use of the supercomputer. It is a 
very difficult proposition at least in the initial 
stages. A realistic forecast beyond 48-72 hrs 
ahead should not be expected”. 

Prof. Das was participating in discussion 
among Indian and American experts in the 
field over the U.S. Worldnet Service. The 
other participants were Dr. R. P. Sarkar, 
D. G., IMD, Prof. M. P. Singh, Head, Centre 
for Atmospheric Sciences. IIT-D, from India 
and Dr. Roy Jenne of the National Centre for 
Atmospheric Research (NCAR), Boulder, 
Colarado, and Prof. T. N. Krishnamurthy, 
Head, Centre for Meteorological Research, 
Florida State University, from the American 
side. This television dialogue was arranged 
by the Science Office of the US Embassy in 
New Delhi. 

Error and noise : According to Prof. Das 
the problems arose due to ill-understood nature 
of the optical properties of clouds thus causing 
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error and noise in the data inputs to a dyna¬ 
mical weather forecasting modelling exercise. 
He asked how does one filter noise from data 
in such a situation. He also stressed the 
iipportance of the model taking into account 
the dynamics of the ocean-atmosphere coupling, 
the role of the reversal of Hist moving ocean 
currents oflF the Somali coast and chilling of 
the Arabian Sea during the monsoon. 

While Prof. Krishnamurthy agreed on the 
importance of the points raised by Prof. Das, 
he said that tackling of such problems was 
still in experimental stages and added : “We 
have to decide on where do we start and when 
.we have a supercomputer". 

“Operational forecasting, however, is 
another bag”, he said, “if you have data sets 
you have to process it within a few hours. 
We should, therefore, pay good attention to 
data inputs”. Comparisor of data sets which 
are inputs at various forecasting centres around 
the world should be made, he felt. Commen¬ 
ting on the specific problem raised by Prof. 
Singh relating to sparse data over the Indian 
Ocean region and the Himalayas, Prof. Krish¬ 
namurthy said that the Indian satellite INSAT 
should be fully exploited for such data as well 
as for cloud drift wind data at least two levels 
in the vertical. 

The need to evolve dynamical models, 
rather than statistical and regression models 
of the kind used this year to make monsoon 
predictions was emphasised by Dr. Sarkar. 
“We know that statistical models work when 
there is a reasonable expectation of normal 
rainfall", he said in a lighter vein. There was 
a general praise from the American experts on 
the successful Indian exercise of statistical 
forecast of rainfall this year. According to 
Dr. Sarkar of the 35 meteorological subdivi¬ 
sions in the country, 33 had reported above 
normal rainfall and in the rest the deficiency 
from the normal had been marginal. 


Quality control : There was genera! agree¬ 
ment among the experts on the need for 
quality control of data. Dr. Jenne said that 
errors that arose in data inputs were essentially 
of two kinds ; Instrumental error, arising due 
to tracking by detectors, and sampling error. 
For example, the ‘rawind’ data sample is 
bound to neglect thunderstorm winds of that 
were of much more local nature than the 
resolution adopted in the model, he said. 
But talking about the state-of the art in 
modelling techniques he said that the European 
Centre for Medium Range Weather Fore¬ 
casting (ECMWF), using a Cray X-M P/48, 
was now able to provide 6-7 day forecast of 
overall atmospheric flow pattern at 170 km 
resolution of data points with 86 per cent 
accuracy. Very short range, 1-2 days ahead, 
with very high resolution should be possible 
with the kind of system that India is acquiring 
Dr. Jenne said. He further remarked that if 
the right kind of data is available outlook 
forecast for medium range should be 
possible. ^ 

In response to the question raised by 
Prof. Singh on the comparison of Cray 
X-MP/I4 with other machines in use at other 
centres. Prof. Krishnamurthy said that with 
the model T106 currently in use at the 
ECMWF it takes about one hour to carry out 
forecast for 24 hours ahead. This should be 
possible with the sii gle processor Cray X-MP/ 
14, he said, which according to him is a fast 
machine with reasonable memory. “Our 
experience”, he said, “is that most researchers 
still use only one processor and only at the 
ECMRWF full operational use of all the four 
processors of the machine is being made”. 
Dr. Jenne supplemented the observations by 
stating that Cray X-MP/14, using a T42 model 
with 300 km resolution of data input, is able 
to achieve 83 million floating operations per 
second performance for a 10 day simulation 
of weather patterns. 
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Expected by mid-October : The Indian 
supercomputer is expected to arrive by mid 
October, according to Mr. Ahmed Meer, 
former Science Counseller at the US Embassy, 
though the company Cray Inc. was ready to 
ship the system in September itself. The 
readying of the building at the IMD, New 
Delhi, that will house the system and its air- 
conditioning, etc. are being awaited. □ 

The Hindu 


14 scientists bag INSA awards 

Fourteen scientists, all below the age of 33, 
(5.10.88) today received the Indian National 
Science Academy (INSA) young scientists 
awards for 1988. 

The awardees included three researchers— 
Dr. Rahul Pandit, Dr. A. G. Samuelson and 
Dr. Y. N. Srikant—from the Indian Institute 
of Science, Bangalore, and two agriculture 
scientists. Dr. V. K. Arora and Dr. Zora 
Singh, from the Punjab Agricultural University, 
Ludhiana. 

The other award winners were Dr. M. M. 
Cbaturvedi and Dr. Eklabya Sharma from the 
Banaras Hindu University, Dr. S. K. Mahata 
from the Calcutta University. Dr. C. M. 
Nautiyal from the Birbal Sahni Institute of 
Paleobotany, Lucknow. Dr. M. Durga Prasad 
from the University of Hyderabad. Dr. A. 
Jayaraman and Dr. Utpa) Sarkar from the 
Physical Research Laboratory, Ahmedabad. 
Dr. Sandhya Visweswariah from the Astra 
Research Centre, Bangalore and Dr. K. 
Majumdar, scientist with the International 
Centre for Genetic Engineering and Biotechno¬ 
logy, New Delhi. □ 

The Hindu 

Acid rain poses global threats 

The scientific community recently requested 
EPA administrator to list acid aerosols nor- 
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mally as ''criteria pollutants** and to set 
standards for acid aerosols to protect public 
health. Preliminary studies indicated that 
exposure to acid aerosols at concentrations 
above ambient levels impairs ability of respira¬ 
tory tracts of humans and animals and that 
bronchitis among children has correlation with 
hydrogen ion concentrations. The* Scientific 
Community demanded acid rain legislation 
under the “Clean Air Act”. Besides acid 
deposition poses a serious ecological problem. 
If left unchecked, it is apprehended that the 
problem of rain water acidity will multiply 
manifold. 

Called acid rain, rain water acidity now 
poses a growing threat. It does not even 
spare rain—the elixir of life. The natural 
sources of water is no more clean. 

The primary sources of acidity of rain are 
man’s over pre-occupation with the industriali¬ 
sation requring fossil fuels as the primary 
inputs for the industries. Their combustions 
emit excess of sulphur dioxide and oxides of 
nitrogen mainly into air. Being acidic oxides, 
these are converted into sulphuric acid and 
nitric acid respectively by reaction with 
water. 

The important sources for these acidic 
oxides include power houses, automobiles, 
domestic fires, smelters etc. A major portion 
of sulphur dioxide and oxides of nitrogen 
comes from coal and petroleum fuels during 
their combustion. 

Acidity of rain water is usually measured 
by its pH. If it is 7, it is said to be neutral. 
If it is less than 7, rain water is acidic and in 
case, it is higher than 7, the solution is alka¬ 
line. Normally, clean rain is slightly acidic. 
This is due to the presence of dissolved carbon 
dioxide in varying amounts in it. As a matter 
of fact, pH of clean rain water is S.6. But 
for acid rain, pH is generally n^ch lower than 
that. pH values of rainfalls over much of 
eastern North America vary from 4 to 4.6, 
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The effect of acid rain is not confined to 
the local region alone. It may be dispersed 
to a greater distance from the initial sources. 
The long-range dispersion of the pollutants 
.takes place presumably due to modern techni¬ 
ques recently introduced in the industries for 
throwing away the pollutants further with the 
hope of cleansing the local air. The impact 
is much deeper. And so it needs precaution. 

Although rain water acidity at Bangalore, 
Delhi, Hyderabad and Nagpur remained cons¬ 
tant more or less. Pune shows a trend towards 
higher acidity. Bombay and areas like Trom- 
bay show quite acidity (pH being 4.45 and 4.85 
respectively) in 1974. 

Rain water acidity in India has yet not 
reached an alarming level. It may be due to 
the fact that India’s atmosphere is loaded high 
with dust capable of neutralising acids. 
Because acidification of lakes does not take 
place at lower than 4.6, a long time will be 
required to over-come the natural buffering 
action provided by the alkalinity of the dissol¬ 
ved calcicum salts in water. The problem in 
4[ndia, therefore, has not assumed a too serious 
position. Except for some buildings and the 
stone monuments near the close vicinity of 
polluting sources, the effect in India is not as 
serious as the outside world. 

Taj Mahal in Agra is showing signs of 
pitting. This is probably due to acidic fumes 
from the nearby Mathura Oil Refinery. 

As a matter of fact, power-generation 
industries contribute largely to the pollution of 
the environment by sulphur dioxide. Indian 
coal has a fairly low sulphur content of about 
one per cent. This is another advantage for 
which acid rain in India has yet not assumed 
a very threating position. 

Effects of rain acidity are numerous. Forest 
damages are likely. Acidity kills aquatic flora 
and fauna. Acidity kills fish, green algae and 
many bacteria. In West Germany, damage to 
the forests is extremely high. 


Acid rain is die biggest cause of friction 
between Canada and the United States for long 
years. Canada's Prime Minister, Brian Mulro- 
ney left Washington after completing bis two 
days' official visit without winning agreement 
he had hoped from President Reagan to pro¬ 
tect his country from impacts of acid rain 
which severely affects grain production and 
aquatic life. It is revealed that thousands of 
lakes in Canada and the USA have become so 
acidic that these have been rendered unproduc¬ 
tive. Across Canada and northern US, the 
entire tracts of lakes and streams are devoid of 
aquatic life. 

The phenomenon of acid rain has a great 
devastating effect upon vegetation, soil and 
surface water. It is revealed that about 70 
per cent of acid rain failing on eastern Canada 
comes from burning of fossil fuels in the 
United States. But a year ago, both Mulroney 
and Reagan agreed to reduce emissions. Reagan 
now says he still wants “further study”. 

According to Mulroney, Canada has lost 
fish in 15000 lakes and that life of 300,0'0 
more is threatend. Although Canada acted to 
reduce its own sources of acid rain for lowering 
sulphur dioxide emissions in eastern Canada to 
half of 1980 levels by 1994, it estimated that 
the cost in reduction of sulphur dioxide as 
well as nitrated would be prohibitive amounting 
to about 6,200 million dollar a year. In this 
perspective, Canada now thinks to invest on 
new clean coal technologies rather in reduction 
of emissions of sulphur dioxide since many of the 
current plants will be due to replacement soon. 

The US government has spent about some 
600 million dollar sines 1980 for studying the 
problem. But only 4 states—Kessachusetts, 
Wisconsin, Minnesota and New York have 
applied emission control acts for sulphur dioxide. 

Environmental Defence Fund's (EDF) 
study in New York showed that nitrogen oxides 
dropped from the sky either in rain, snow or in 
dry form outweigh oxides from sewage and 
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factories (23 per cent) and ammonia from 
manure (18 per cent). These in turn form 
sources of nitrate in Chesapeake Bay, the 
largest estuary in the US, Fertilizers con¬ 
tributing about 34 per cent of nitrates have also 
shown greater impacts on eastern coastal waters. 

Several reports indicated that nitrogen 
oxides from the US power plants, factories and 
automobiles have caused destruction of fish 
and other creatures in the Atlantic bays and 
estuaries. Trucks and cars contributed about 
36 per cent of the nitrogen oxide in the US 
atmosphere in 1984. Electrical power plants 
also contributed about 32 per cent. 

Nitrogen oxides encourage rapid growth of 
algae in salt waters. The overload of nitrogen 
causes marine algae to bloom. This blocks 
sunlight and depletes oxygen supply. This was 
so in the coastal waters of New York and 
North Carolina. In this way, the coastal 
ecosystems are becoming dangerously polluted. 
It is believed that only the tighter Federal restric¬ 
tion on nitrogen oxide emission can be a 
feasible proposition on the solution of the 
problem for the time being. 

It is estimated that about 25 per cent of 
the nitrogen which contaminates Chesapeake 
Bay is the result of acid rain. Although there 
is no dispute about pollution problem of the 
bay, the US Environmental Protection Agency 
(EPA) claims that contribution of nitrogen 
oxides is much lower than 25 per cent and that 
the agricultural run off and the dumpings of 
industrial sewage are far worse contributions. 

There can be some remedies, use of low- 
sulphur coal is one. Natural gas may be 
favoured. Dependence on hydel power is one 
other Nuclear power also can be of great help 
if the escalation of rain water acidity is to be 
arrested. 

Again, there may be two ways to remove 
the obnoxious gas. The first method consists 
in filtering emissions through lime filters. The 
second method consists in burning a mi.Kture 
of coal and lime. 
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In the wake of serious threats arisen out of 
acid rain, every nation must frame a policy to 
control emissions of the acidic oxides. □ 

P. C. Bhattacharyya 


CSIR Director-General gets extensien 

Dr. A. P. Mitra, Director-General of the 
Council of Scientific and Industrial Research 
(CSIR), whose term is to expire in February 
1989, has been granted extension for two more 
years by the Prime Minister’s Secretariat. The 
extension orders were issued on November 22, 
1988. Dr. Mitra who became the Director- 
General of CSIR, on February 26, 1986, was 
earlier the Director of the National Physical 
Laboratory (NPL), New Delhi. He is also a 
Fellow of the Royal Society (FRS) of London. 

Speculation as to who would succeed Dr. 
Mitra, has been laid to rest with this decision. 
According to some observers, this may be 
due to the Prime Minister’s keenness to see 
that the recommendations of the Abid Husain 
CSIR Review Committee are fully implemented 
under the present DG itself in whose time the 
recommendations were passed by the CSIR 
Society and implementation of some already 
intiated. The Committee’s recommendation 
on the appointment of Directors of the CSIR 
institutions and the DG, CSIR, is one non¬ 
renewable terra for a period of six years. The 
Prime Minister is the president of the CSIR 
Society. 

Dr. Mitra has been closely associated with 
the scientific programmes under the CSIR in 
the implementation of various technology 
missions, particularly the water and oil seeds 
mission, and projects that are being imple¬ 
mented in the mission mode. The continuance 
of Dr. Mitra as the OG is also being seen as 
a reflection of the need to maintain the tempo 
of the implementation of those aspects of the 
missions which he is supposed 1o be familiar 
with. . '□ 

The Hihau 
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Letters | 
to the editor! 

Transport of water across various 
forms of clays 

Reports of studies on thermal diffusion of 
water in soil are available*Recently, the 
phenomena of thermal diffusion and, in parti¬ 
cular, thermoosmosis in soil clay systems have 
also been closely examined*However, the 
qualitative aspects of non isothermal transport 
processes in clay systems were left largely 
unemphasised. The present communication 
is an extension of studies of non-isothermal 
transport processes to those across different 
clay samples in various cationic forms. Special 
emphasis has been laid upon the evaluation of 
heat of transport of water, a non-equilibrium 
thermodynamic parameter, which is strongly 
dependent on the nature of interactions inherent 
in the system, and is thus expected to be 
related to the specific surface charge density 
of the clay samples used*'*. 

The clay samples were isolated from Sajne- 
khali saline soil, Sundarban, West Bengal 
and Jhargram laterite soil, Midnapore, West 
Bengal by following the standard sedimentation 
technique^. The resulting clay samples were 
then turned to Na-form by repeated leaching 
with 2M NaCl and dialysed. The calcium and 
magnesium forms of the clays were prepared 
by treating the Na-form with 2M solutions of 
CaClj and MgClj respectively. The specific 
surface area values were determined by the 
method due to Dyal and Hendricks”. The 
diffusion cell, as well as the experimental 
methodology followed for studying thermal 
diffusion of water, was the same as suggested 
by Bhattacharjya and Sanyal*®. The experi¬ 
ments were performed at four different tempe¬ 


rature gradients for each clay sample. In the 
non-isothermal diffusion cell, the central 
clay chamber was sandwiched between the 
terminal water chambers, and a horizontal 
temperature gradient was imposed across each 
clay water boundary. The temperature drop 
across the clay water boundary was measured 
by the standard potentiomelric technique under 
steady state conditions. 

For thermal diffusion of water, the heat 

A 

of transport (Q„) was obtained from eq. H*. 

~ T„,(^P//\T),t . (I) 

where is the molar volume of water 
and T„, the mean (absolute) temperature, 
(AP/ AT),f refers to the steady state pressure 

, A 

difference across the clay chamber. Q„ may 
be defined as the amount of heat absorbed per 
mole of a diffusing water from the region it 
leaves and released in the region it moves into 
under isothermal conditions*’^*. 

4 A 

The heat capacity of transport (C„) of 
water in the given system was calculated by 
substituting the appropriate slope of the plot 

A 

of Qto vj T in eq. 2, namely. 


Experimental results were recorded in 
tables I and 2. The standard deviations in 

A 

Qw are given in the parenthesis below each 

A 

Q„ for various forms of soil clays. The 
positive values of heat of transport of water 

A 

(Ow) correspond to an absorption of heat 
behind the diffusing water and a liberation 
ahead in course of diffusional migration 
through the central chamber*, and may be 
explained in terms of structural order present- 
in the bulk water, vis a vis that in the sorbed 
water in the central clay chamber*’’’*®. 
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TABLE 1: Heat of transport of water across various forms of Sainekhali clays 


Sample 


Sajnekhali 

Na-clay 


Sajnekhali 

Ca-clay 


Sajnekhali 

Mg-clay 


Specific Mean -- Tcmpa. 10* * 

Surface tempera* VWml. lure differ- (-dP/dT)/ Om'J- 

area/ ture/'’A mor‘ ence/"C atm, mol-‘ 

m*.g“» (Tm) (dT) deg-^ 


lO-'xCw 
at 39'C/ 
J. mol->. 
deg-* 


0 



309.8 

18.07 

4.2 

1.78 

1.01 

(± 0.026) 



310.9 

18.06 

6.0 

1.96 

1.12 

(± 0.020) 


243.46 

312.3 

18.06 

7.8 

2.19 

1.25 

(± 0.020) 

9.61 


313.4 

18.08 

10.3 

2.35 

1.35 

(± 0.023) 



310.0 

18.07 

4.1 

1.88 

1.07 

{± 0.036) 


230.41 

311 1 

18.08 

6.2 

2.05 

1.17 

{± 0.010) 



312,2 

18.07 

8.4 

2.24 

1.28 

(±0.011) 

9 60 


31.3.2 

18.08 

10.2 

2.38 

1.37 

(±0.017) 



310.1 

18.07 

4.1 

1.98 

1.12 

(± 0.010) 


183.95 

311.4 

18.06 

6.2 

2.17 

1.24 

(± 0.015) 



312 4 

18.07 

8.3 

2.32 

1.33 

(± 0,010) 

9.59 


313.3 

18.08 

10.2 

2.49 

1.43 



(± 0 . 020 )' 
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TABLE 2; Heftt of truspot of irata'across Tartom ferns of Jluuvrain dasrs 


Sample 

Specific 

Surface 

area/ 

m».g“‘ 

Mean 

tempera- 

ture/*A 

(Tm) 

V„/ml. 

mol-» 

Tempera¬ 
ture differ- 
enco/®C 
(dT> 

10*(dP/JT)/ 

atm. 

dcg-» 

Qw/J- 

mo)-» 

10*xC„ 
at 39®C/ 
J. mol-‘. 
degr‘ 



310.1 

18.06 

4.3 

1.50 

0.85 








(± 0 034) 


Jhargram 

Na-clay 

98.74 

311.3 

18.07 

6.3 

1.67 

0.95 

0.015) 




312.3 

18.07 

8.5 

1.82 

1.04 

9.68 







(i 0 020) 




313.4 

18.08 

10.6 

1.97 

1.13 








(± 0.011) 




310.0 

18.07 

4.3 

1 64 

0.93 








( J: 0.015) 


Jhargram 

Ca clay 

87.18 

311.3 

18.06 

6.3 

1.84 

1.05 

( ! 0.015)^ 




312.4 

18.07 

8.4 

2.07 

1.16 

9.64 







(i- 0.026) 




313.4 

18,07 

10 4 

2.20 

1.27 








(±0.015) 




310.1 

18.07 

4.3 

1.72 

0.98 








(± 0.010) 


Jhargram 

Mg-clay 

75.86 

311.2 

18.06 

6.3 

1.95 

1.11 

(± 0.011) 




312.3 

18.07 

8.4 

2.17 

1.24 

9.62 







(± 0.010) 




313.4 

18.08 

10.4 

2.37 

1.36 



(db 0.010) 
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The larger Q„ values for Sajnckhali clays 
than those for the Jhargram clays evidently 
arise from a more extensive ordering sphere of 
influence of Sajnekhali clays^° having higher 

A 

specific surface area. The value of Q«, of 
both Sajnekhali and Jhargram clays in the 
magnesium form is higher than that of the 
calcium and sodium forms. This may be 
owing to the higher ionic potential of magne¬ 
sium ion which leads to a greater loss of 
“local*' entropy of wafer in the clay cham¬ 
ber*’*®. An increase in mean temperature 
will enhance the kinetic energy of the water 
molecules in bulk, especially in relation to 
that of sorbed water in contact with the clay 
particles. This should augment the positive 

A 

magnitude of at higher temperatures, 

A 

and hence a positive C«, (vide, Tables 1 
and 2). 
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Influence of Various herbicides on the seed 
production of Cassia sophera var. purpurea 

The use of herbicides in controlling weeds 
and their impact on the growth and metabolism 
of crop plants have been well-documented^. 
However, very little or no attention has been 
directed towards the formation of propagules— 
bulbs, rhizomes, seeds, tubers, etc.—in treated 
plants which undoubtedly serve as a means of 
dissemination and infestation of weeds in newer 
regions. The severity of any weed species 
in the forthcoming season will depend on the 
development and survival of viable propagules®. 
Thus, the choice of herbicides for adversely 
affecting the growth performance and repro¬ 
ductive activity of a weed is of paramount 
importance. The aims of this investigation are 
to ascertain the influence of ten different herbi¬ 
cides on the seed output, seed weight and 
seed viability of Cassia sophrea L. var. 
purpurea Bak. This species is common in 
non-arable lands, thriving along roadsides 
and in waste places in the proximity of 
Calcutta. The speed with which it is occupying 
wider tracts has attracted interest to eradicate 
this plant for agricultural or industrial 
purposes®. 

Seeds (scarified by 20-min cone Ha SO* 
treatment and followed by thorou^ washing 
in water) of C. sophera var. purpurea were 
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sown in earthen pots of 2S-cm diam and 22-cm 
height. After a sufficient number of seedlings 
emerged, they were thinned down to 10 per 
pot. When the plants were 30 days old, they 
were aerially sprayed by means of a hand-held 
pressurised sprayer with various concentrations 
(O.OI, 0.1, 1.0 10, 100 and 500 ppm) of ten 
different herbicides. The herbicides were 
MCPA (4-chloro-2-methyl-phenoxyacetic acid), 
2,4-D (2,4-dichlorophenoxyacetic acid), 2,4,5-T 
2, 4, 5-trichloro-phenoxy acetic acid), 2,4, 5-TP 
[2-(2,4, 5-trichlorophenoxy)-propionic acid], 
2, 4-DB [2, 4-dichlorophenoxy)-butyrlc acid], 
MCA (monochloroacelic acid), DCA (dichloro- 
acetic acid . TCA (trichloroacetic acid), Dala- 
pon (2,2-dichloropropionic acid) and MH 
(maleic hydrazide or 1, 2-dihydro-3, 6-pyrida- 
zinedione). Aqueous solutions of these herbi¬ 
cides were made and pH of the solutions 
adjusted to 7.0. Spraying was done once in 
the case of phenoxys, while the same was 
repeated thrice for aliphatics and MH. Follow¬ 
ing the sprays, fruits and seeds produced from 
treated plants were collected. Fruits and seeds 
were also harvested from plants (control) free 
from any herbicidal treatments. Seed output 
was determined and 100-seed weight measured 
(by the use of a single-pan electrical balance)*. 
The viability of seeds (after chemical scarifica¬ 
tion with cone HaSO*) was expressed as percen¬ 
tage germination. While there were ten 
replicates for seed output, there were four repli¬ 
cates each for seed weight and seed viability 
(with 25 seeds per replicate). The results are 
expressed as ± S.E. (standard error). 

Except MCPA, where all concentrations 
augmented .seed output and seed weight, the 
same responses were brought about by 0.1 ppm 
of the remaining phenoxy herbicides (Table 1). 
In the latter, these two parameters declined 
progressively with increasing concentrations 
from 10 ppm onward. Among the non- 
phenoxys, both parameters increased with 


increasing concentrations of three herbicides 
(MCA, DCA and TCA) and decreased corres¬ 
pondingly in two herbicides (Dalapon and 
MH). Whereas the greatest reduction in seed 
output was induced by 500 ppm 2, 4, 5-T in the 
phenoxy scries and 500 ppm MH in the non- 
phenoxy one, the corresponding values for seed 
weight were recorded with 500 ppm 2,4-DB 
and 500 ppm Dalapon. Following sprays with 
MCA and DCA, seed viability increased prog¬ 
ressively with increasing concentrations. 
However, TCA yielded erratic results. In the 
rest of the herbicides, there was a lowering of 
seed viability with increasing concentrations. 
In fact, seed viability decreased maximally with 
500 ppm 2, 4, 5-T and 2, 4-DB among the phe¬ 
noxys as well as 500 ppm Dalapon and MH 
among the non-phenoxys. 

The present study confirms the findings of 
Kasera and Sen" that post-emergence applica¬ 
tion of herbicides adversely affects the growth 
performance of treated plants and the subse¬ 
quent formation of seeds. In their work, they 
tested one level each of Agrodone ^Concentrate 
48, Agrodone 18% W.P. and Agrodar 96 on 
three weeds ; the first two herbicides contain 
ethyl ester of 2, 4-D and the last dimethyl 
amine of 2, 4-D. Since these are commercial 
formulations, the quantum of active ingredient 
in each herbicide is not stated. Moreover, they 
are silent about the mode of application— 
whether the herbicides were applied as foliar 
spray or as soil dressing. Nevertheless, we 
agree with their conclusions : “The reduction 
in viability and seed output of weeds due to 
herbicidal treatment can be used as a main 
tool for prediction of weed infestation in the 
forthcoming season.” In this respect, 2, 4,5-T, 
2, 3-DB, Dalapon and MH serve as promising 
herbicides, all at a concentration of 500 ppm. 

Thanks are due to the Head of the Depart¬ 
ment for providing facilities of work and UGC 
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TABLE 1: Effect of ten herbicides on the ootpnt, we^t and vinbilitf of seeds of C sophera \ar. purpurea 


Concentration of 

Seed output/ 

100>seed 

Percentage 

herbicides (ppm) 

plant 

weight (mg) 

of seed 

vifthilitv 


Control (water only) 

212 ± 23 

1363 ± 69 

80 ± 1 

MCPA 0.01 

350 ± 37 

1211 ± 54 

80 ± 0 

0.1 

369 ± 38 

1427 ± 45 

78 ± 3 

1.0 

388 ± 41 

1456 ± 37 

75 ±0 

10 

410 i 57 

1451 ± 81 

75 ± 2 

100 

576 i 78 

1495 ± 83 

70 ±0 

300 

771 ± 84 

1611 ± 100 

62 ±0 

2.4-D 0.01 

259 ± 27 

1324 ± 71 

78 ;i. 7 

0.1 

573 ± 65 

1629 ± 100 

72 ± 5 

1.0 

268 ± 21 

1571 ± 84 

72 ± 0 

10 

237 i 16 

1502 ± 76 

70 ± 3 

100 

214± 11 

1446 ± 39 

67 ± 1 

500 

203 ± 8 

1409 i 41 

63 -± 0 

2, 4, 5-T 0.01 

167 ± 6 

1014 ± 35 

75 ± 8 

0.1 

499 ± 67 

1570 ± 81 

70 ± 6 

1.0 

226 -t 29 

1485 72 

69 ± 1 

10 

210 ± 15 

1434 ±32 

68 ± 4 

100 

195 i- 7 

1216 ± 51 

65 ± 2 

300 

111 -1 4 

1150 ± 43 

60 1 0 

2,4.3.TP 0.01 

158 ! 6 

1306 ± 63 

80 ± 9 

O.I 

226 :h 21 

1602 ± 98 

75 + 7 

1.0 

215 ± 15 

1547 ± 74 

70 ±0 

10 

196 ± 12 

1532 ± 92 

67 ±5 

100 

187 ± 10 

1416 ± 74 

64 ± 3 

300 

173 ± 11 

1348 ± 67 

60 ± 1 

2,4.DB 0.01 

193 -1- 8 

1054 ± 36 

78 ±7 

0.1 

302 ± 25 

1286 ± 54 

75 ± 2 

1.0 

263 ± 27 

1270 ± 49 

72 ±0 

10 

258 ± 22 

1255 ± 58 

70 ± 3 

100 

215 ± 14 

1165 ± 65 

65 ± 2 

500 

209 ± 7 

1082 ± 82 

<*60 + 1 
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TABLE 1 (CoQtd.) 


Concentration of 
herbteides (ppm) 

Seed output/ 
plant 

10(Meed 
weight (mg) 

Percentage 
of seed 
viability 

MCA 0.01 

163 ± 8 

1299 ± 61 

70 ±0 

0.1 

172 ±6 

1413 ± 41 

72 ± 1 

1.0 

184 ± 4 

1428 ± 38 

75 ± 6 

10 

219 ± 18 

1438 ± 47 

80 ±7 

100 

234 ± 26 

1447 ± 64 

85 ±8 

500 

291 ± 15 

1462 ± 59 

87 ±5 

DCA 0.01 

163 ± 13 

1358 ± 38 

70 ±0 

0.1 

171 ± 17 

1442 ± 67 

72 ±2 

1.0 

192 ± 12 

1458 ± 53 

75 ± 3 

10 

205 ± 15 

1483 ± 63 

78 ± 4 

100 

209 ± 29 

1493 ± 73 

80 ± 6 

500 

231 ± 14 

1505 ± 45 

85 ± 5 

TCA 0.01 

145 ± 15 

1292 ± 65 

73 ±9 

0.1 

163 ± 18 

1382 ± 56 

78 ±4 

1.0 

172 ± 16 

1424 dr 51 

77 ±4 

10 

211 ± 12 

1463 ± 73 

^0±8 

100 

224 ± 18 

1493 ± 83 

80 ± 9 

500 

227 ± 17 

1512 ± 92 

80 ±7 

Dalapon 0.01 

445 ± 54 

1515 ± 97 

85 ± 6 

0.1 

297 ± 27 

1432 ± 90 

80 ± 6 

1.0 

235 dt 23 

1382 ± 87 

75 ±6 

10 

219 ± 12 

1371 ± 73 

72 ± 2 

100 

184 ± 15 

1113 ± 63 

64± 3 

500 

166 ± 12 

1058 ± 39 

62 ± 4 

MH 0.01 

187 ± 17 

1698 ± 42 

87 ±6 

0.1 

166 ± 16 

1426 ± 54 

80 ±4 

1.0 

147 ± 9 

1406 ±73 

75 ±5 

10 

143 ± 8 

1342 ± 60 

70 ±6 

100 

138 ± 7 

1322 ± 80 

65 ± 1 

500 

107 ± 6 

1152 ±90 

60±0 
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Preliminary studies on the effect of location 
and variety on the quality characters 
of soybean 

It was earlier reported that location in< 
fiuenced the protein content of pulses’. How¬ 
ever, others*’* obtained inconsistent results 
on the effect of location. The present invest!- 
gation was therefore undertaken to study the 
effect of location and variety on the quantity 
of protein, ether extract and limiting amino 
acids (methionine and tryptophan) in soybean. 

Six promising varieties of soybean (Glycine 
max- L.) were grown under identical condi¬ 
tions at Delhi, Amravati and Junagarh. 
Composite samples from three replicates at 


each location were collected and analysed for 
their crude protein, ether extract, methionine 
and tryptophan contents by the methods 
described earlier*. 

It has been found that these six varieties of 
soybean varied in their crude protein content 
from 36.3 to 45.8 per cent (Table 1) indicating 
differences among them. ‘Yellow soybean’ 
variety grown at Amravati contained the 
maximum amount of protein (47.8 per cent). 
‘Lee’ and ‘Hampton’ varieties showed some 
differences in their amount of protein at two 
places. ‘Lee’ variety contained 37.7 and 
44.0 per cent protein at Delhi and Junagarh, 
respectively. ‘Hampton’ variety contained 
36.3 and 43.0 per cent protein at Delhi and 
Amravati, respectively. 

These varieties differed in their content of 
ether extract from 17.0 to 25.1 per cent indi¬ 
cating that variety and location seem to 
influence this constituent. Only varietal 
differences were statiscally signiflcant. It has 
been found that protein and ether extract 
constituents are negatively correlated (- 0.217) 
indicating an inverse relationship between 
them, but it is not significant. Those varieties 
which are high in their protein content are low 
in their ether extract and vice versa, as could 
be seen in case of ‘Yellow soybean’ and 
‘Hampton’ varieties. 

The amount of methionine and tryptophan 
in these varieties differed from 1.06 to 1.49 
per cent and from 0.76 to 1.27 per cent in the 
protein, respectively. Methionine in protein 
showed statistically significant differences by 
location. 'Clark-63’ variety seems to contain 
slightly higher amount of tryptophan 
(1.12-1.22) per cent in the protein) at the three 
locations in comparison to others except 
‘Bragg’ one which contained 1.2? per cent in 
the protein at Junagarh. 
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4 ( cDMimcn Vi BuyBaiii xnnvn m amercm wcmkhm 


Variety 

On mobture free basis 

On moisture and 

fat free basis 


Crude Ether 

% in % in 

% in % in 


protein extract 

seed protein 

seed protein 


% % 

Methionine 

Tryptophan 


Delhi 


I. Punjab-I 

45.0 

19.6 

0.52 

1.15 

0.46 

1.02 

2. Clark-63 

42.6 

22.5 

0.50 

1.17 

0.48 

1.12 

3. Hampton 

36.3 

25.1 

0.48 

1.32 

0.36 

0.99 

4. Bragg 

43.8 

19.5 

0.50 

1.14 

0.42 

0.95 

5. Improved pelican 

45.1 

20.1 

0.48 

1.06 

0.46 

1.02 

6. Lee 

37.7 

24.1 

0.52 

1.38 

0.33 

0.87 

Amravati 

1. Punjab-I 

45.1 

19.5 

0.48 

1.06 

0.46 

0.80 

2, CIark.63 

42.6 

23.2 

0.49 

1.15 

0.52 

0 . 33 '^ 

1.22 

3. Hampton 

43.0 

24.0 

0.50 

1.16 

0.76 

4, Bragg 

43.2 

22.5 

0.48 

1.11 

0.35 

0.81 

5. Improved pelican 

45.8 

20.6 

0.51 

1.11 

0.36 

0.78 

6. Lee 

40.6 

22.6 

0.57 

1.40 

0.31 

0.76 

7. Yellow Soybean 

47.8 

17.0 

0.52 

1.08 

0.43 

0.90 

Jnnagaih 

1. Punjab-I 

45.0 

20.0 

0.52 

1.15 

0.40 

0.90 

2. Clark-63 

41.0 

24.1 

0.63 

1.46 

0.48 

1.14 

3. Hampton 

39.6 

23.2 

0.59 

1.49 

0.34 

0.85 

4. Bragg 

40.8 

22.7 

0.57 

1.39 

0.52 

1.27 

5. Improved pelican 

41.8 

21.4 

0.55 

1.31 

0.44 

1.05 

6. Lee 

44.0 

22.5 

0.57 

1.30 

0.41 

0.93 
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TABLE 1 (Contd.) 


Variety 

On moisture free basis 

On moisture and 

fat free basis ^ 


Crude 

Ether 

% in % in 

% in 

%ib . 


protein 

extract 

seed protein 

seed 

protein 


% 

% 

Methionine 

’Dyptophan 


StatUtical Analysis (a) 
Location 


‘F teat 

NS 

NS 

NS 

Sig* 

NS 

NS 

SEm 

l.ll 

0.78 

0.08 

0.05 

0.06 

0.05 

CD 5% 

3.35 

2.34 

0.23 

0.15 

0.17 

9.16 

Variety 

*F’ test 

NS 

Sig** 

NS 

NS 

NS 

NS 

SEm 

1.27 

0.58 

0.12 

008 

0.08 

0.004 

CD 5% 

3.92 

1.79 

0.37 

0.23 

0.26 

0.01 


(a) Yellow soybean variety not included for statistical analysis. 
NS Not significant 
* Significant at 5% 

** Significant at 1%. 


The present study indicates that location 
and variety seem to influence the contents of 
ether extract and methionine in soybean, 
whereas variety alone has a tendency to affect 
the protein content. 

Y. P. GUPTA 

Division of Biochemistry, 

Indian Agricultural Research 
Institute, New Oelhi<l 10012. 

Received: 22 Jafyt 1987. 

Revised: 12 Si^tember, 1988. 


*0. A. Krober, Third Annual Conference of 
Pulse Crops, lARI, New Delhi, 1969, 
pp. 152-155. 

»D. E. Crawford and J. T. Gillingham, S. Caro¬ 
lina Agr. Exptl. Sta. Bull. AE. 303, 1967. 

jD. P. Motiramani, M. S. Lai, ®V, O. Lokras, 
J. N. Dube and C. N. Hittle, The 27th Annual 
Convention and Symposium on Techno-Economic 
Aspects of Oil-based Industries in Seventies, 
Kanpur, Oil Technologists Association of Indja, 
1972. 

*A. C. Kapoor and Y. P. Gupta, J, Scl. Fd. 
Agric., 28, 113, 1977. 


Jaikrisima Public Libra 


414 


SCIENCE AND CULTURE. DECEMBER, 1988 





OPTICAL GLASS 

I • irnnVtv of ootical instruments such as, microscopes, 

D ^ H It the Ccntiai Glass & Ceramic Research Institute, it is available 
iTltm of random slabs, moulded lens and prism blanks, swan prism 

blanks etc. 

Lead glass blocks for absorbing X-ray and atomic r-adiations are al- P^«d. 
The glasses conform to Indian Standard Specification, IS : 1400-1960 
Pre-delivery inspection by the Inspectorate of Instruments, Mm.st.y o 

Defence can be arranged. 

Quotations on request : all enquiries to : 

PFNTRAL GLASS AND CERAMIC RESEARCH INSTITUTE 
CENTRAL GLA ^^j^(.utTA-700032, INDIA 


Regd. ISO. Wis/bc. 11 
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New Balances from HACRO to SEMI-MICRO witli Latest Improvements 


DHONA, after a long R & D process, 
has been able to offer Digital Bala¬ 
nces with its Minate Accuracy by 
easier operation : 

SALIENT FEATURES : 

Digital Readouts: are large and 
clear, parallel to eye level. No eye 
fatigue because of its non-reflecting 
glare free projections. 

Very fine gear operated Digital Coun¬ 
ter Micro-meter permits reading to 
the last decimal. 

Die Castcd Top : can be removed 
easily without touching any knob in 
order to work inside the upper 
chamber of the balance as and when 
necessary. 

Pan Brake : is fitted below the Pan 
for its perfect working. 

Pan & Chamber: Stainless Steel non¬ 
magnetic oversize pan and large 
weighing chamber are equipped with 
removable glass floor to facilitite 
working. 

Housing : Powder painted Alumi¬ 
nium Housing is introduced for 
betterment as it is acid and weather 
proof. 

Leveiling Bubble : is fitted just in 
front with a magnifier to look the 
enlarged bubble easily at the time of 
levelling the Balance. 

Weights: Highly polished non¬ 
magnetic Stainless Steel weights with¬ 
out any screw ensure long life of 
accuracy and perfection. 

Parts: Best quality costly parts 
available and Die-casted in order to 
maintain the perfect working of the 
balance. 

For further details please contact : 

DHONA INSTRUMENTS (P) LTD 
8, Bentinck Street, *Taher Mansion* 
West Block, 2nd Floor, 
Calcutta'70(X)01 Phone : 28-3103 



Brauches: 


Trinagar, Delhi^llO 035. Phone 
184, Thambu Chetty Street. Madras-fiOO 001. Phone ; 24831 


72-10079 
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